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I 
 
Abstract 
Process modelling – the design and use of graphical documentations of an organisation’s 
business processes – is a key method to document and use information about the operations of 
businesses. Still, despite current interest in process modelling, this research area faces essential 
challenges. Key unanswered questions concern the design and use of models in organisational 
practice, and the value of process modelling activities. To answer these questions and to 
provide a better understanding of process modelling, I turn to the concept of affordances. 
Affordances describe the possibilities for goal-oriented actions that technical objects offer to 
users. This notion has received growing attention from IS researchers. The purpose of my 
research is to further develop the IS discipline’s understanding of affordances from 
informational objects, such as process models used by analysts for system analysis and design. 
To do so, I pursue three streams of work that form the contribution of my thesis – theory 
development, case study and experiment. First, I extend affordances theory by developing a 
research model that describes the processes of affordance emergence between an individual 
and an object, affordance perception, and affordance actualisation. Second, I examine process 
modelling affordances in a large system development project in practice. Third, I study how 
participants use process models to complete problem-solving tasks. 
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A. Thesis Overview: A Theory of Process Modelling Affordances 
A.1 Introduction 
All throughout recorded history, humans have used visual representations to make sense 
of the world around them, to create maps, represent entities, express thoughts, or pass on 
knowledge. Famous examples are the Chauvet Cave paintings (~30,000 BC), da Vinci’s 
Vitruvian Man (~1490), Copernicus’ Heliocentric Universe (1543), Minard’s map of 
Napoleon’s Russian campaign (1812), or the double-helix DNA model by Watson and Crick 
(1953) (Christianson 2012; Tufte and Graves-Morris 1983). 
Representations as artefacts also play a key role in the field of Information Systems (IS). 
Especially for the development of information systems, representations of certain phenomena 
of a problem domain are used to identify, gather, document, and validate requirements (e.g., 
Appan and Browne 2012; Davis 1982; Dawson and Swatman 1999; Gemino 2004; George et 
al. 2006; Hickey and Davis 2004; Karimi 1988; Siau and Rossi 2011; Vessey and Conger 1994; 
Wand and Weber 2002; Wetherbe 1991). 
Process models as graphical documentations of an organisation’s business processes are 
an important type of such representational artefacts and are used for organisational or systems 
design projects, or organisational change in general (Ould 1995). Process models specify tasks, 
information and data, resources, actors and their relationships (Curtis et al. 1992). 
Process modelling as the creation and use of process models has become one of the most 
popular forms of conceptual modelling and is one of the most popular approaches for specifying 
information systems requirements from a business perspective (Davies et al. 2006). Research 
in the field of process modelling increased over recent decades, in line with a rising prominence 
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of process modelling as an important activity of business and systems analysts in industry 
(Mendling et al. 2009). 
The growing significance of process modelling in practice requires returns on the 
substantial spending of organisations to discover, design, analyse and improve their processes. 
These investments can be in the form of software acquisition and implementation, licensing 
fees, training of employees, and of course the modelling work in itself – especially in large 
modelling projects (Bandara et al. 2005; Indulska et al. 2009a; Raduescu et al. 2006). For 
instance, the Suncorp Group, one of Australia's largest banks and its largest general insurance 
group, invested more than AUD 4 million in its process modelling initiative since 2004 (La 
Rosa 2011). This is in line with a report from Wolf and Harmon (2008), which puts the 
investment figures for process modelling initiatives into a range from USD 500,000 to over 
USD 10 million. Another indicator for the importance of this domain is the size of the global 
market for Business Process Management (BPM) tool suites that are used to create, edit, 
manage, and store process models. Its worldwide value grew from USD 1.8 billion in 2008 to 
USD 2.8 billion in 2013 (Gartner 2013; WinterGreen 2009). Furthermore, Gartner states that 
the BPM suites market is “among the fastest-growing software markets through 2011, 
exhibiting a compound annual growth rate of 24%”, carried especially by a strong growth in 
the Asia-Pacific region (Gartner 2009). 
Continuous, sustainable modelling efforts are only possible if organisations succeed in 
reaping, quantifying and effectively communicating the corresponding value (Indulska et al. 
2006; Indulska et al. 2009a). Otherwise, modelling may fall into disuse and the initial 
investment is lost or of little value (Wand and Weber 2002). This presents an important 
challenge, as process modelling is still not very well understood (Indulska et al. 2009b). Its 
benefits are hard to identify, let alone quantify. This is not surprising, as the intangible nature 
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of impacts derived from most IS-related activities is widely acknowledged (Gable et al. 2008) 
and the realisation of such impacts may not be immediate (Indulska et al. 2006). It is therefore 
the aim of this thesis to improve our understanding of process modelling and its value as an 
activity in organisations. I do so by studying various modelling-related phenomena – such as 
the design and use of process models in practice and the use of process models in the laboratory. 
The process model as an important IS artefact used in system analysis and design-related 
process modelling activities is at the heart of my thesis. This is therefore in line with the call 
from Benbasat and Zmud (2003), who argue that IS research should focus on the IT artefact 
and its immediate nomological net, which includes the design and the use of IT artefacts as key 
components. However, the effectiveness of process modelling activities also depends on 
specific factors that determine its context, such as the people who use a model, their 
qualifications, experiences and beliefs, and the conditions under which the model is used. Thus, 
while maintaining a focus on the IT artefact, I broaden the view of prior research and set out to 
examine the broader “system” of process modelling (Nunamaker and Briggs 2011). This more 
inclusive view of process modelling presents a gap in existing research, which I address in this 
thesis. A theoretical lens that has been proven to be very effective in examining IS artefacts, 
their users, and the potentially complex context factors involved, is affordances theory. 
Therefore, I use affordance theory in this thesis (see also Secion A.5.2.1 for a more detailed 
discussion of my choice of affordance theory). 
The core contribution of my thesis is the development of a comprehensive theory of 
process modelling affordances and its empirical validation in a mixed methods research 
program. This high-level contribution has two main components – theory development and 
theory testing – and is discussed in three individual but related papers; one conceptual paper 
with the primary focus on theory development from the literature, one empirical paper with the 
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primary focus on theory development from the field, and one empirical paper with the primary 
focus on theory testing in the laboratory (see Figure 1). The scope of my thesis is theory-driven, 
empirical research on affordances of IS artefacts (Paper 1), affordances of process models as a 
particular IS artefact (Paper 2), and affordances of process models as a specific type of 
conceptual model (Paper 3). 
 
 
Figure 1: High-level structure, areas of contribution, and scope of the thesis. 
 
In my thesis, I turn to the concept of affordances as possibilities for goal-oriented actions 
that objects, such as process models, offer to their users (Markus and Silver 2008). The theory 
has at its core a conceptualisation of the processes of affordance emergence, perception and 
actualisation in the context of process modelling, and the factors that influence these processes. 
Research on affordances tells us that while artefacts have material properties that people can 
make use of, the existence of these properties alone does not determine their use or impact 
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(Fayard and Weeks 2014). Rather, it depends on how users perceive and use the object (or parts 
of that object) to reach a certain goal (Gibson 1979). A number of IS studies have employed an 
affordances lens and contributed to knowledge of the concept specific to our field of research. 
Still, key gaps remain in our understanding of the concept of affordances. While it seems 
useful to examine technology use processes, the concept as employed in the majority of studies 
so far is underdeveloped and does not yet fully capitalise on its capabilities in explaining the 
object-user relationship. In particular, research on affordances in IS largely assumes that 
affordances simply emerge and can be utilised, without justifying how and why they emerge, 
and what factors may influence their actualisation by users of the object (Bernhard et al. 2013). 
To address this gap, in my thesis, I contribute to theory by examining the emergence, 
perception, and actualisation of affordances. 
My thesis is positioned in the domain of process modelling – a form of conceptual 
modelling related to system analysis and design tasks and organisational and system 
development projects (Aguilar-Savén 2004; Aldin and de Cesare 2011; Dumas et al. 2013). I 
contribute to process modelling research by empirically examining how process models are 
designed in system development practice, and how process models are used in system 
development and process re-design tasks. 
The following section discusses the three research questions that guide my investigation 
of process modelling affordances. 
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A.2 Research Questions 
In line with the previously discussed scope and structure of my research, my thesis 
contains three research questions – one general question on how affordances theory works in 
the field of IS (RQ 1, aligned with Paper 1), one process modelling-specific question on the 
interplay of object (i.e., model) design and use (RQ 2, aligned with Paper 2), and one process 
modelling-specific question on the perception and actualisation of (process modelling) 
affordances (RQ 3, aligned with Paper 3). These research questions will be derived and 
discussed in the following. 
In my thesis, I take an affordances lens to study process modelling. For this, an 
understanding of the concept of affordances and its component parts in general (i.e., not 
specifically limited to process models but instead incorporating a larger set of IS artefacts, 
including process models), and its use in prior research, is required. This includes the 
consolidation of the existing literature on affordances in IS, the identification of strengths and 
weaknesses of existing studies, and the extension of affordances theory to be more effective for 
future IS research. In doing so, I contribute to creating concensus about affordances in IS. Thus, 
my first research question is: 
 
RQ 1:  How do the processes of affordance emergence, affordance perception, and 
affordance actualisation work for IS artefacts, such as process models? 
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Second, after having gained insights into the processes that form the core of affordances 
theory in general, it is important to learn how IS objects (such as process models) are designed 
for action-possibilities (i.e., affordances), and how these affordances are perceived and 
actualised in practice, and what factors – such as the designer, the user, the object, or the context 
of actualisation, among others – influence these processes. This leads to my next research 
question, specific to the process modelling context:  
 
RQ 2:  How are intended affordances designed by process modellers, and actualised 
by process model users? 
 
Third, after having learned about practically relevant design decisions and use processes 
relating to process modelling affordances, a controlled investigation into what exactly makes 
model users notice, and act on, certain affordances, remains an important challenge for 
affordances research. Therefore, my final research question is:  
 
RQ 3:  What factors influences the perception and actualisation of affordances from 
process models? 
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To address my research questions, theoretical and empirical work was necessary. The 
first research question is addressed by a review of the existing affordances literature and the 
development of a theory of affordances (paper 1). As the first part of the empirical work, to be 
able to answer my second research question (i.e., to study the design for and actualisation of 
process modelling affordances in-depth), I conducted a qualitative, longitudinal case study 
(paper 2). As the second part of the empirical work, to be able to answer research question 3 
(i.e., to develop and test hypotheses about the factors that influence how individuals perceive 
and actualise affordances), an appropriate research design should allow for manipulation and 
control (paper 3). 
Therefore, to address the previous concerns and to answer my three research questions, I 
designed an overall research program based on a mixed methods approach, consisting of 
conceptual work, case study, and experiment. Before I turn to details of research background 
and study design, I describe the structure of this thesis in more detail in the following section. 
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A.3 Thesis Structure 
The thesis document is structured as follows. Overall, Chapter A gives an overview of 
the thesis. After having introduced and motivated the thesis topic (A.1), and derived the main 
research questions that guided the thesis (A.2), this section (A.3) gives an overview of the thesis 
structure and briefly introduces the three main papers that form the core of this thesis. In the 
following section (A.4), I outline the contributions of collaborators to parts of this thesis. After 
that, I discuss the research background of this thesis, and give an overview of the relevant 
foundations in terms of domain and theory (A.5). In particular, I review and summarise the 
literature on conceptual modelling, process modelling, and affordances theory. 
Chapter B represents the main body of this thesis. It consists of three papers which each 
answers one corresponding research question (i.e., paper 1 answers RQ1, paper 2 answers RQ2, 
and paper 3 answers RQ3). 
In Paper 1 (Section B.1), I review the existing IS affordances literature and develop a 
theoretical framework that provides a detailed conceptualisation of affordances from IS objects, 
such as process models. I do this by drawing attention to the processes by which affordances 
emerge, are perceived and actualised. Furthermore, I show how these processes depend on user 
goals, user abilities, symbolic expressions, external affordance information, expected 
actualisation value and effort, and the overall context of affordance actualisation. 
In Paper 2 (Section B.2), I study the design and the use of process models using a 
longitudinal case study of a large systems development project in the financial sector. I show 
how during their creation, process models are designed for affordances with the goal to 
influence the future actions and behaviours of model users during the later model-use stage of 
the project. I then examine the conditions under which these affordances are perceived and 
actualised – or not. 
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In Paper 3 (Section B.3), I test parts of my proposed theoretical model through an 
experiment in which participants use process models to complete problem-solving tasks. I show 
the importance of designing process models effectively, by measuring the influence of 
affordances and symbolic expressions on task performance. 
Figure 2 summarises the structure of the thesis document with regards to the three main 
papers in Chapter B. It also gives an overview of the main research question that is addressed 
by each paper, and the method by which the research question is addressed. A more detailed 
discussion of the interrelationships of the papers and the overall thesis follows in Section A.6 
(Overall Design of the Research Program). 
 
 
Figure 2: Overview of thesis structure and research questions. 
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After that, in Chapter C, I first summarise the contributions of the three papers separately, 
before discussing the overarching contributions that stem from the combination of the 
individual papers. Chapter D discusses the limitations that pertain to my thesis (D.1), and 
outlines a number of promising avenues for future research (D.2). 
The Appendix provides additional information about case study research procedures 
(E.1), experiment analyses (E.2), and an exploratory interview phase that preceded my research 
program (Bernhard and Recker 2012, see Appendix E.3). 
 A brief overview of scholarly activities that relate to my PhD candidature, such as 
publications, work-in-progress, and attended conferences, are presented in Chapter F. Finally, 
Chapter G contains acknowledgements, and statements relating to research ethics and health 
and safety. 
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A.4 Author Contributions 
This thesis contains parts of work to which other parties contributed. To acknowledge the 
work of co-authors and others, Table 1 outlines the specific contributions made to the three 
papers that form the body (Chapter B) of this thesis (Clement 2014). The thesis document itself 
is my own sole responsibility and work. 
 
Area of 
Contribution  
Paper 1 (B.1) Paper 2 (B.2) Paper 3 (B.3) 
Affordances in 
Information Systems: 
Theory Development 
and Recommendations 
for Future Research. 
A Longitudinal Case 
Study on the Design 
and Use of Process 
Models from an 
Affordances 
Perspective. 
What Do Models Really 
Offer to Users? An 
Experimental Study of the 
Perception and Actualization 
of Affordances from Process 
Models. 
Idea / 
Conceptualisatio
n 
Main responsibility of 
the primary author; 
contribution of co-
authors 
Main responsibility 
of the primary 
author; contribution 
of co-authors 
Main responsibility of the 
primary author; contribution 
of co-authors 
Data Collection Sole responsibility of 
the primary author 
Sole responsibility of 
the primary author 
Sole responsibility of the 
primary author 
Data Analysis Sole responsibility of 
the primary author 
Sole responsibility of 
the primary author 
Main responsibility of the 
primary author; contribution 
of two research assistants for 
coding of problem-solving 
tasks 
Write-up Main responsibility of 
the primary author; 
contribution of co-
authors 
Main responsibility 
of the primary 
author; contribution 
of co-authors 
Main responsibility of the 
primary author; contribution 
of co-authors 
Editing Shared responsibility 
with co-authors 
Shared responsibility 
with co-authors 
Shared responsibility with co-
authors 
Stewardship Shared responsibility 
with co-authors 
Main responsibility 
of the primary 
author; contribution 
of co-authors 
Shared responsibility with co-
authors 
Table 1: Overview of author contributions. 
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A.5 Research Background 
Process modelling affordances can be examined from a variety of angles and levels. Here, 
I set the background for my thesis in terms of domain (A.5.1) theory (A.5.2), and level of study 
(A.5.3) of my research as a set of decisions of exclusion and inclusion, guided by my research 
questions as well as necessary compromises and feasibility considerations. 
The background literature in this section is a summary of prior knowledge presented in a 
narrative review – i.e., a broad and selective overview of existing conceptual and empirical 
research (Paré et al. 2015). 
A.5.1 Domain Background 
In this section, I discuss the background on the domain of interest of my thesis. Process 
modelling is a form of conceptual modelling. Thus, I start this section by introducing conceptual 
modelling as an important element of system analysis and design (A.5.1.1). After that, I provide 
the background on process modelling as one type of conceptual modelling and a key element 
in process (re-)design, analysis and improvement (A.5.1.2). 
A.5.1.1   Background on Conceptual Modelling 
Organisations that build and use systems for support of their activities in a certain domain 
do so based on an understanding of that domain (Bera et al. 2014). In IS analysis and 
development, this understanding is often represented in the abstract form of a system-
independent model, called a conceptual model, which represents some aspects of the physical 
and social world (Chen 1976; Denning 2003; Young and Kent 1958). 
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Depending on purposes and organisational objectives, different types of conceptual 
models can be created using different modelling grammars and methods (Davies et al. 2006; 
Fettke 2009). Examples of model types are data models to describe database structures (e.g., 
Chen 1976), object-oriented models to describe systems (e.g., Dawson and Swatman 1999; 
Dobing and Parsons 2006; Embley et al. 1992; Fowler 2004; George et al. 2006), and process 
models to describe the operations of an organisation (e.g., Curtis et al. 1992; Kalpic and Bernus 
2002; Ould 1995; Petri 1966; Scheer 2000). 
Conceptual modelling as the creation of such models is an important area in IS research 
and practice, in particular in systems analysis and design. The design and use of conceptual 
models has been argued to be useful for communication between stakeholders, understanding 
the domain of interest, achieving system flexibility, reducing system development costs, and 
meeting the requirements of future users (e.g., Davis 1982; Dawson and Swatman 1999; Karimi 
1988; Moody 1998; Mylopoulos 1998; Siau 2004; Wand and Weber 2002). 
Application areas for conceptual modelling include requirements determination and 
validation (Andrade et al. 2004; Davis 1982; Dawson and Swatman 1999; Gemino 2004; 
Hickey and Davis 2004; Wetherbe 1991), systems planning and selection (Earl 1993; Galliers 
1991; Lederer and Sethi 1988; Soffer et al. 2003; Soffer et al. 2001), requirements and 
information engineering (Karimi 1988), database design and management (Batra and Marakas 
1995; Davies et al. 2006; Khatri et al. 2006), and process (re-)design (Kock et al. 2009). 
There are two main streams of conceptual modelling research: model design – how 
models are created – and model interpretation – how users understand models (Aguirre-Urreta 
and Marakas 2008; Gemino and Wand 2004). I will describe both streams and important sub-
streams in turn. 
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A.5.1.1.1   Conceptual Model Design 
In simple terms, the model design stream focuses on how conceptual models are created, 
with the goal to arrive at “better” modelling grammars and methods. These improved grammars 
and methods, in turn, are supposed to lead to better conceptual models (Siau and Rossi 2011). 
This is an important objective as poor model quality has been linked to system development 
failure (Endres and Rombach 2003; Wand and Weber 2002). 
One important group of studies in this stream is concerned with different interpretations 
of what a better model actually constitutes. Examples include conceptualisations of model 
quality in terms of size, structuredness, and label correctness, among others (Mendling et al. 
2010), correctness, clarity, relevance, comparability, systematic design, and economic 
efficiency (Becker et al. 2000), in terms of completeness, correctness, integrity, simplicity, 
flexibility, integration, understandability, and implementability (Moody 1998), in terms of 
syntactic (i.e., how well the model corresponds to the grammar), semantic (i.e., how well the 
model corresponds to the domain), and pragmatic (i.e., how well the model corresponds to its 
audience interpretation) quality  (Lindland et al. 1994; Overhage et al. 2012; Recker 2007), in 
terms of perceived usefulness (Rittgen 2010b), perceived semantic quality (Maes and Poels 
2007), cross-connectivity (Vanderfeesten et al. 2008), or coupling (i.e., the number of 
interconnections among the modules of the model) and cohesion (i.e., the coherence within the 
parts of the model, Vanderfeesten et al. 2007). 
A second group of studies in this stream is concerned with comparisons of different 
modeling grammars and methodologies used to design conceptual models (Gemino and Wand 
2003; Gemino and Wand 2004; Siau and Rossi 2011; Wand and Weber 1993; Wand and Weber 
2002). Examples include the comparison of extended entity-relationship modelling and object-
oriented modelling (Aguirre-Urreta and Marakas 2008), the comparison of relational models 
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and extended entity-relationship models the conceptual representation phase of database design 
(Batra et al. 1990), the comparison of object-, process- and data methodologies for specifying 
system requirements (Vessey and Conger 1994), the comparison of entity-relationship models 
with optional and mandatory properties (Bodart et al. 2001; Gemino and Wand 2005), and the 
ontological analysis and comparison of different process modelling techniques such as BPMN 
and Petrie nets (Recker et al. 2009), of ARIS and Object-Process Modeling (Soffer et al. 2001), 
of object modelling and UML (Opdahl and Henderson-Sellers 2002), and of the enterprise 
system interoperability standards ebXML BPSS, BPML, BPEL4WS, and WSCI (Green et al. 
2007). 
A third group of studies in this stream examines the role of tool support in model design 
activities, such as model repositories with advanced features (La Rosa et al. 2011), process 
intelligence systems (Tan et al. 2008), and the influence of tool functionality on modeller’s 
usage beliefs of modeling grammars (Recker 2012). 
A.5.1.1.2   Conceptual Model Interpretation 
The model interpretation (also referred to as model understanding or model 
comprehension) stream focuses on what happens after a model has been created – that is, how 
conceptual models or certain model elements are interpreted and understood by the people that 
use them. This research stream is based on the assumption that the generated understanding of 
a problem domain derived from a conceptual model could support the model user in future tasks 
(Aguirre-Urreta and Marakas 2008; Burton-Jones et al. 2009). 
One group of studies in this stream is concerned with the influence of model-related 
factors on model interpretation. Examples include the influence of different model properties 
such as icons (Masri et al. 2008), colour (Reijers et al. 2011a), text (Gemino and Parker 2009), 
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swimlanes (Bera 2012b) or layout (Schrepfer et al. 2009), notational deficiencies concerning 
perceptual discriminability and semiotic clarity (Figl et al. 2013a), the cognitive effectiveness 
(Figl et al. 2010) and design (Figl et al. 2013b) of routing symbols, secondary notation (i.e., 
aspects of the graphical representation of the process that are not formally part of the modelling 
grammar and that have no syntactical consequences, Petre 2006), the model’s complicance with 
onological rules (Bera 2012a), size and structuredness (Dumas et al. 2012), and the the 
interpretation of parts of a model and model elements (Bodart et al. 2001; Parsons 2011). 
A second group of studies in this stream is concerned with the influence of model reader-
related factors on model interpretation (i.e., factors relating to the person that is reading a model 
with the goal to extract information from it, Reijers and Mendling 2011). Examples include the 
influence of cognitive style preferences (i.e., object, spatial, or verbal, Figl and Recker 2014), 
of cognitive abilities (i.e., abstraction and selection ability), learning style (i.e., sensins vs. 
intuitive learning), and learning motive and strategy (i.e., deep vs. surface, Recker et al. 2014). 
A third group of studies in this stream is concerned with the combined influence of both 
model- and model reader-related factors on model interpretation. Examples include the 
influence of ontological model clarity combined with the reader’s domain knowledge (Bera et 
al. 2014), of model size combined with the reader’s theoretical modelling knowledge (Mendling 
et al. 2007), of model control flow complexity, density, and structuredness (among other model 
properties) combined with the reader’s theoretical modelling knowledge, practical modelling 
experience, and educational background (Reijers and Mendling 2011), of model type (i.e., 
BPMN vs. EPC) combined with the reader’s English language skills, modelling experience, 
and BPM work experience (Recker and Dreiling 2011), of activity labels, model size, 
structuredness, and soundness (among other model properties) combined with the reader’s 
modelling expertise, experience, and intensity (Mendling and Strembeck 2008), of label 
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semantics (i.e., abstract vs. concrete labels) combined with modelling expertise and process 
knowledge (Mendling et al. 2012), and of icons in models combined with the reader’s previous 
domain knowledge and English language skills (Masri et al. 2008).  
In the next section, I turn my attention to process modelling, the specific domain of 
interest for my thesis, as one particular type of conceptual modelling. 
A.5.1.2   Background on Process Modelling 
The visual representations of an organisation’s business processes are called process 
models (Ould 1995). A process model specifies activities and events, their sequence, and the 
resources involved in the execution of the process (Curtis et al. 1992). 
Process modelling as an activity and process models as an output are relevant for a number 
of organisational activities (Aguilar-Savén 2004; Aldin and de Cesare 2011; Dumas et al. 2013). 
For instance, an organisation may set out to understand its business processes in detail and 
document this understanding in “as-is” process models – models that show the current situation 
(Kalpič and Bernus 2006; Kesari et al. 2003; Krogstie et al. 2008). Furthermore, models can be 
used as input for identifying issues of processes (Ould 1995). For process redesign activities, 
improved versions of issue-prone processes are developed and documented in “to-be” models 
– models that show the desired situation (Indulska et al. 2009a). Subsequently, the redesigned 
process can be executed, which includes changes to the way in which the work is being done 
by the employees in the process, or changes to the IT landscape (Dehnert and Van Der Aalst 
2004; Georgakopoulos et al. 1995). Other application areas include system analysis and design 
(Dumas et al. 2005; George et al. 2006; Ouyang et al. 2009), systems planning and selection 
(Earl 1993), systems requirements elicitation (Hickey and Davis 2004), and the design of 
service-oriented architectures (Erl 2005) and web services (Ferris and Farrell 2003). 
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Similar to other conceptual modelling approaches, process modelling can be structured 
using the concepts grammar, method, script and context (Wand and Weber 2002). In addition 
to these concepts, which I will further describe in the following, process modelling is typically 
supported by the use of a modelling tool. This refers to the class of software systems that support 
aspects such as the creation, modification, storage, or management of models (Dean et al. 1994; 
Dennis et al. 1999; La Rosa et al. 2011; Recker 2012; Rittgen 2010a; Scheer 2000; Tan et al. 
2008).  
 The modelling grammar specifies syntax, semantics, and notation – the graphical 
elements and the principles and rules of how to combine them in a process model 
(Mendling 2008). Today, a range of process modelling grammars exists for 
various purposes, such as BPMN (OMG 2006; OMG 2011), EPC (Scheer 2000), 
Petrie nets (Petri 1966), UML Activity Diagrams (Dobing and Parsons 2006; 
Dumas and ter Hofstede 2001), or YAWL (van der Aalst and ter Hofstede 2005); 
(for an overview see also Mili et al. 2010). 
 The modelling method describes the procedures that guide the application of the 
modelling grammar. This can encompass conventions (i.e., a set of agreed 
standards and norms), model lifecycle (i.e., the state of the model as an artefact 
from “draft” to “retired”), and the “process of modelling” (i.e., how processes are 
discovered and models are created; Pinggera et al. 2013). 
 The modelling script is the outcome of the modelling activities, that is, the abstract 
representation of a process in graphical form; in this case, the process model. 
 The modelling context describes the specific situation in which the modelling 
takes place. This includes the individual characteristics of the modelling 
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stakeholders, the characteristics of the task in which grammar and script are used, 
and the characteristics of the wider orgnaisational context (i.e., social factors). 
Figure 3 visualises the four main modelling concepts of Wand and Weber’s (2002) 
framework, and the relationships between the concepts. 
 
 
Figure 3: Main modelling concepts according to Wand and Weber (2002). 
Figure 4 is an example of a process model specified in the modelling grammar BPMN. I 
chose this example to illustrate how different elements in a process can be represented in a 
process model. The model depicts a process for resolving issues through e-mail votes (Figl et 
al. 2013b; OMG 2010). In this process, several activities (visualised as rectangles) have to be 
performed in a predetermined order (visualised as arrows). Furthermore, at several points in the 
process, decisions of convergence and divergence are made (visualised as diamonds).  
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Figure 4: Example BPMN process model. 
 
Several benefits have been accredited to process modelling (Indulska et al. 2009a). I 
categorise these benefits in the dimensions understanding, communication, and process 
improvements, as these are recurring themes in the literature on process modelling benefits. 
First, an important and frequently mentioned benefit from process modelling is the 
increased domain and process understanding that is gained from creating and using process 
models (Aguilar-Savén 2004; Davies et al. 2006; Dumas et al. 2013; Indulska et al. 2009b; 
Kalpic and Bernus 2002; Kesari et al. 2003; Krogstie et al. 2008; Sadiq et al. 2007). Individual 
understanding of business processes can be further aided through specific design choices made 
in process modelling; for instance, related to the use of colours (Reijers et al. 2011a), 
modularisation (Reijers et al. 2011b) or the choice of different grammars (Recker and Dreiling 
2011). In addition, prior research has demonstrated that the use of process models as visual 
representations of process information is more time-efficient for individual users than plain 
textual descriptions, since they are easier to understand and interpret (Ottensooser et al. 2012). 
Second, several authors found that process modelling leads to more frequent and more 
effective stakeholder communication – in particular across organisational boundaries, such as 
the IT department and the business, by providing a common frame of reference (Dalberg et al. 
2005; Krogstie et al. 2008). Furthermore, process models can act as an instrument for sharing 
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knowledge (Danesh and Kock 2005; Davies et al. 2006; Dumas et al. 2013; Indulska et al. 
2009a; Kalpič and Bernus 2006; Kesari et al. 2003; Kock et al. 2009; Kueng and Kawalek 1997; 
Luebbe and Weske 2011; Ould 1995). 
Third, organisations that are actively attempting to manage the way they execute their 
processes are often relying on process modelling, as it facilitates process analysis and based on 
that, the improvement of processes (Aguilar-Savén 2004; Davenport 2013; Indulska et al. 
2009a; van der Aalst et al. 2003) 
However, process modelling has also been criticised in the past. For instance, it has been 
argued that instead of capturing the current operations in a “as-is” process model, a radically 
new “tabula rasa” solution is required in the (re-)design of a business process – Only by 
disregarding previous assumptions and knowledge can the organisation achieve significant 
performance improvements (Hammer and Champy 1993). Furthermore, not all business-
relevant information, such as organisational norms, control mechanisms, reporting 
relationships, or management practices, can easily be included in a process model (Kueng and 
Kawalek 1997). 
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A.5.2 Theoretical Background 
After having discussed process modelling as the domain in which my thesis is positioned, 
in this section, I present the theoretical foundation of my thesis. First, I justify my choice of 
affordances theory as a theoretical lens, which is the lens through which I analyse process 
modelling-related phenomena (A.5.2.1). Second, I briefly introduce affordance theory 
(A.5.2.2). However, my introduction of affordances theory in this section does not claim to be 
exhaustive; nor does this section contain theory development. I review and discuss the existing 
affordances literature in more detail and develop a framework of affordances in IS in Paper 1.  
A.5.2.1   Why Affordances? 
There are multiple theoretical perspectives that might suit a process modelling context, 
allow me to add to contemporary debates in IS research, and address the issues raised in Section 
A.1 to motivate this study. Namely, I considered technology appropriation, boundary objects, 
ontology, task-technology fit, IS success, and affordances. Through analysing these theoretical 
perspectives, I found that an affordance lens offered the most potential for insight - that is, it 
can help achieve the aims of this thesis and contribute to answering the research questions - and 
applicability - that is, it is suitable to be used in process modelling as the problem domain and 
the context of this thesis. 
In terms of insight, the concept of affordances allows researchers to study IS artefacts and 
their users in detail. It can shed light in particular on the relation between object and user, and 
what actions or behaviours are enabled by an object for a user – an aspect that is often left 
underexamined (or even unexamined) in current research. In terms of applicability, the concept 
of affordances is well suited to analyse IT effects (Markus and Silver 2008) and therefore also 
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effects from process modelling. It also allows for an examination of the IS artefact design and 
use phases in combination rather than in isolation – such as the design and use of a process 
model in organisational practice. 
As a result, my thesis adopted an affordance lens. The following section outlines the 
details of the process of theory candidate evaluation. 
The above theories all present current and relevant frames to examine certain aspects of 
process modelling (e.g., varying appropriations of process models, the factors that influence the 
success of process modelling projects, models as boundary objects, ontological evaluation of 
process models, or affordances offered by a process model to a certain user). However, an 
evaluation of the suitability of the theories to examine process modelling-related phenomena, 
and the strengths and weaknesses of the theories, will give further guidance for their 
applicability in my research program. For this evaluation, I used a set of criteria derived from 
the research questions of this study (Section A.2) in addition to insights from the literature 
review on process modelling (Section A.5.1) and an exploratory interview phase that preceded 
my research program (Bernhard and Recker 2012, see Appendix E.3). 
The first evaluation criterion was concerned with the ability of the theory or framework 
to consider actual as well as potential uses of an IT artefact. This distinction would allow the 
study of influencing factors that enable or prohibit the effective use of process models and the 
examination of alternative ways of use beyond the original intentions. 
Second, researchers who study the use of technology argue that systems with certain 
properties can allow for certain consequences (DeSanctis and Poole 1994). In the process 
modelling domain, my interviews indicated that the properties of a process model indeed did 
have an influence on model use (Bernhard and Recker 2012). This is also in line with prior 
research that suggests that colours (Reijers et al. 2011a), modularisation (Reijers et al. 2011b) 
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or different grammars (Recker and Dreiling 2011), just to name a few possible ways of 
describing model properties, play a role in explaining process model use. Thus, a theory to be 
used in this study should be capable of taking process model properties into account. 
In the following, I will briefly discuss the theory candidates (technology appropriation, 
boundary objects, ontology, task-technology fit, IS success, and affordances) and evaluate their 
suitability for my research program. 
DeSanctis and Poole (1994) characterised technology appropriation as the immediate, 
visible actions relating to technology (e.g., process models). These appropriations are, however, 
not necessarily determined by the design of the technology. Instead, these different possibilities 
of adoption depend on the user’s assessment of the usefulness of the technology in a given task 
environment and an active choice by the user: To use a technology as intended by the designer 
(faithful appropriation), or to use a technology out of line with its intention (unfaithful 
appropriation) (DeSanctis and Poole 1994). The notion of appropriation is able to consider the 
task (i.e., the model use purpose) and the technology (i.e., the process model) as well as the 
degree to which the technology’s features fit the task requirements. It can also explain 
developments over time and takes the technology’s user and the intended purpose into account 
(DeSanctis and Poole 1994). Appropriation addresses actual and potential uses of an object 
(Markus and Silver 2008). All this makes it very powerful, but also highly complex. On the 
other hand, the concept focuses largely on explaining use and variations in use. It has further 
been argued that appropriation refers to the practices that turn properties of objects into 
constraints and affordances for (potentially unanticipated) human behaviour (Leonardi and 
Barley 2010). 
Previous research showed that an organisation’s success is influenced by its ability to 
span the boundaries of diverse settings, such as diverse employee backgrounds, separate 
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functional departments, or different levels of hierarchy, which otherwise hinder effective 
collaboration (Levina and Vaast 2005). For this, organisations can make use of boundary 
objects – artefacts with a flexible structure that makes them recognisable as well as useful 
across different settings, although they may have different uses and meanings in each local 
setting (Star 2010; Star and Griesemer 1989). The focal point of the boundary object concept is 
on the group (coordination) and organisational (boundary spanning competence) level, and has 
a clear focus on organisational boundaries. While some of the features of process models 
suggest that they may function as boundary objects by enabling communication and knowledge 
sharing across boundaries, prior research also showed that artefacts and technologies that 
possess these features are often equally suited to create or enforce other boundaries (Kaplan 
2011). 
Ontology is the study of real-world things, their properties and relationships (Bunge 
1977; Wand and Weber 1993). In IS, ontological analyses can help us understand 
representations of real world constructs (such as process models). Ontology has a strong focus 
on process model properties and has been proven highly suitable for examining quality aspects 
of models (Recker et al. 2010; Recker et al. 2011). Building on this, it may explain to some 
degree why a model is used in practice or why certain consequences become apparent; however, 
it does not consider model user characteristics or user goals. Also, actual or model use 
possibilities are not distinguished in this concept. 
An important objective for IS researchers is to find ways of explaining and predicting 
performance effects of technology. Based on the theory of cognitive fit (Vessey and Galletta 
1991), the theory of task technology fit postulates that any technology (such as a process 
model) will increase a user’s performance, if the characteristics of that IT artefact match the 
requirements of the task as well as the abilities of the user (Goodhue and Thompson 1995). The 
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notion of (mis-)alignment between the characteristics of a process model and the requirements 
of the task in which it is being used are of relevance for this study. The theory also offers means 
to study the characteristics (esp. ability) of the model user. However, task technology fit theory 
remains at the feature level of a technology. It does not capture possibilities of use as the 
interaction of the model user with the process model, nor does it suggest a dynamic view of 
technology use. 
The focus of IS success factor research (DeLone and McLean 1992; DeLone and 
McLean 2002) is typically on the project level. It evaluates the effectiveness and efficiency of 
an IS-related initiative (e.g., a process modelling initiative) (Sedera et al. 2004; Sedera et al. 
2001; Sedera et al. 2002). It allows some analysis of the process model (e.g., model quality), 
but is limited in the involvement of human factors. The concept aims at the design of process 
models and the conduct of the overall modelling activities, rather than at the use of the process 
model as an outcome of this design process. 
Affordances are a relational and as such, the concept takes properties of both the user 
and the object (i.e., process model) into account. It is especially powerful in explaining what 
exactly it is about an object and its features that allow certain actions or behaviours. It has 
furthermore been deemed suitable for the analysis of IT effects (Markus and Silver 2008). Also, 
in affordance theory, user goals as representations of the task or purpose of use are a key 
element (Shaw et al. 1982). 
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Theory candidate 
Potential and 
actual use 
Effects of 
technology 
use 
Process model 
properties 
User 
characteristics 
User 
goals 
Appropriation   ()       
Boundary objects ()   () ()  x 
Ontology  x ()    x  x 
Task technology fit ()     ()   
Success factors  x () () () () 
Affordances           
Legend: Theory Evaluation 
  Evaluation criterion completely met by theory 
() Evaluation criterion partly met by theory 
 x Evaluation criterion not met by theory 
Table 2: Evaluation of theory candidates. 
As Table 2 illustrates, all the discussed and evaluated theories offer some potential for 
explaining my research questions. I further recognise the suitability of various theories to 
examine process modelling phenomena from different angles. However, I decided to use 
affordances theory. This decision is based on three reasons. 
First, affordances theory seems to provide the most insightful, comprehensive, and 
suitable perspective for answering my research questions. 
Second, IS artefacts and their users are often treated as an undifferentiated whole – for 
instance, with one (e.g., a system user) being subsumed under the other (e.g., the system). This 
can lead to misleading results and potentially even inaccurate conclusions, as the actual root 
causes for observable effects are not identifiable. For example, an organisation may conclude 
that an IT system implementation has failed as the expected benefits from implementing the 
system do not materialise. However, the system may well offer all of the expected benefits (and 
potentially more). It may instead be the system’s users that are unable to actualise the expected 
benefits. Affordances theory allows researchers to break up this practice and instead to study 
the IS artefact, the user, and the object-user relationship in detail. For instance, in the example 
just given, researchers using affordance theory could have identified the affordances that the 
system in question offers to its users. They also could have identified a lack of ability on the 
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user’s side as the true root cause for the problems that are now visible to the organisation, and 
potentially made recommendations to address this skill gap with a training program that 
increases their ability in using the new system. 
Third, the creators of IS artefacts often claim that the use of their artefacts will lead to 
certain consequences, such as positive effects on work tasks or projects (DeLone and McLean 
1992; DeLone and McLean 2002). However, this is not always the case, and instead we see a 
large variation in outcomes from the use of IS artefacts (Gable et al. 2008; Sabherwal et al. 
2006). Affordances theory can help explain this variation by offering a way to examine both 
the design and use of IS artefacts. When researchers assume an affordance lens, they can shed 
light on intended possibilities for action for a certain user or an IS artefact, which are not always 
actualized, and observed behaviours, which were not always intended. 
 As a result, I have chosen to adopt an affordance lens as the theoretical foundation for 
this study. On this basis, the following section will give a more detailed discussion of 
affordances theory, its origin, main research streams, relationships to other theories, and key 
application areas in research, both in IS and beyond. 
A.5.2.2   Background to Affordances Theory 
Affordances are defined as possibilities for goal-oriented action that objects offer to 
users (Markus and Silver 2008). The theory of affordances (Gibson 1979) has received growing 
attention from IS researchers as a way to understand how actors perform tasks with IS artefacts 
(Leonardi 2013; Leonardi 2011b; Markus and Silver 2008; Strong et al. 2014). 
Affordances are relational – they emerge for a user in the interaction with an object in a 
certain situation (Gibson 1979). The object and the user determine the emergence of an 
affordance (Turvey 1992) – an affordance requires that an object has certain properties of 
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relevance for an activity, and that the user has the ability to perceive and exploit those properties 
in the interaction with that object (Stoffregen 2003b). 
Affordance theory further states that an object’s design, either intentionally or 
unintentionally, conveys messages to its users about how the object should or may be used 
(Gibson 1979). These messages form a second relational concept, as different users may 
perceive and interpret them differently. This concept is referred to as symbolic expression and 
defined as communicative possibilities that an object offers to a certain user (Markus and 
Silver 2008). 
To enact goal-oriented actions with an object requires users to perceive such affordances 
(Stoffregen et al. 1999). Thus, perception is a key element of affordances theory (Gibson 1979) 
and has been studied extensively in psychology (e.g., Pepping and Li 1997; Wagman and Malek 
2008; Warren 1984). Perception is facilitated by affordance information, defined as information 
about action-possibilities that an object offers to a user (Reed 1996; Shaw et al. 1982). Such 
information can stem from the user’s relation to the object itself (i.e., the symbolic expressions) 
or from an external source that signals to a user a certain purpose or action (Markus and Silver 
2008). However, the existence of affordances does not determine action but only defines a set 
of possible actions for the user (Chemero 2003). Following the perception of affordances, the 
user engages in a process of affordance actualisation (Strong et al. 2014), i.e., turning the 
possibility into actual action, which in turn leads to use consequences. In the next Section, I 
discuss how affordances theory relates to other important frameworks and theories in IS 
research. 
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A.5.3 Level of Study 
Affordances from any technology or IS artefact may occur on several different levels, 
such as the individual, group, organisational, industry or society level (e.g., Goh et al. 2011; 
Leonardi 2013; Leonardi 2011b; Strong et al. 2014). This is also true for affordances related to 
the use of process models. Process modelling affordances can influence individual model users, 
groups of individuals, and entire organisations. However, appropriate theoretical frames that 
explain process modelling affordances are lacking as of today. Thus, to scope my work, I take 
an individual level perspective to provide a foundation in this under-researched area. In doing 
so, I avoid the added complexities of other levels of research (e.g., group, organisation, industry, 
or society) and multi-level studies (e.g., group and organisation, or organisation and industry) 
of process modelling affordances, which I leave for future research. 
A modelling initiative typically has many different stakeholders in an organisation, such 
as the top management, process owners, model designers, and model end-users. Additionally, 
these roles are often not mutually exclusive – a process owner can also create a process model 
and later on use the model, thus fulfilling multiple roles. However, in process modelling, the 
process model end-user perspective is often neglected. Prior research focused instead on the 
views and assessments of academics, vendors, consultants, or modellers alone (e.g., Indulska 
et al. 2009a; Kesari et al. 2003; Reijers et al. 2011a). 
As my thesis studies the action-possibilities related to process models on the individual 
level, I focus my examination on model designers (i.e., people that create process models for 
affordances, consciously or unconsciously), and model end-users (i.e., people who use models 
and in doing so, potentially actualise process modelling affordances) as key stakeholders in a 
modelling initiative. I consider these stakeholders irrespective of their function, role or 
hierarchical position in an organisation. I specifically consider different organisational and 
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hierarchical levels of stakeholders to account for potentially varying experiences. This entails, 
but is not limited to, IT staff, business analysts, process analysts, project managers and other 
employees involved in a modelling initiative. Other possible stakeholders out of scope of my 
consideration are, for example, the senior management or process owners (Rosemann 2006). 
After having presented the research background against which my thesis is positioned, in 
the following section, I turn to the research design used to answer my research questions. 
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A.6  Overall Design of the Research Program 
In this section, I outline my research design – i.e., why and how I employ a mixed methods 
design (A.6.1) in my overall research program as a combination of three studies – a conceptual 
paper, a case study (A.6.2), and an experiment (A.6.3). 
My study of the emergence, perception, and actualization of process modelling 
affordances highlights three key attributes that determine the choice of research design for the 
individual studies that constitute my research program. 
First, the processes of affordance emergence, perception, and actualisation occur over 
time. The timeframe may range from virtually immediate perception and action to instances 
where these processes take longer to manifest. Thus, to be able to consider these different 
timeframes, a requirement to examine these core affordances processes is to employ a 
longitudinal research design (Paper 2). 
Second, I suggest that material (i.e., process model) properties plus information about 
affordance existence will predict whether individuals are able to perceive and subsequently 
actualise affordances. To examine this logic, a research design must be chosen that allows 
manipulation and control (Paper 3). 
Third, the research method must be capable of examining, for instance, misperception or 
a lack of perception of affordances which is not possible when relying solely on perceptual data 
as reported by informants. This objectivity aspect is essential when studying affordances, as 
this concept requires a holistic view of the object-user relationship (Robey et al. 2013). 
Therefore, in qualitative affordances studies, such as my case study (Paper 2), it is crucial to 
triangulate perceptual data (e.g., from interviews) with objective data (e.g., from observations 
of instances of object-user interactions and object analysis). In this thesis, I rely on both 
perceptual and objective data. The answers and reports of interviewees (Paper 2) and 
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experiment participants (Paper 3) may be consciously or unconsciously inaccurate (Podsakoff 
et al. 2003; Podsakoff et al. 2012). Therefore, this perceptual data benefits from a combination 
with objective data from observations of process model use-instances in practice. Furthermore, 
prior research has shown that perceptual and objective data can correlate strongly if researchers 
pay careful attention to participant selection and measurement instrument development (Tallon 
and Kraemer 2007; Venkatraman and Ramanujam 1987). 
Prior IS studies using the affordances lens, if being empirical at all, have largely focused 
on purely qualitative research methods such as single case studies (for an overview see Paper 
1). This is a suitable method to closely examine the emergence, actualisation, and impacts of 
affordances over time. Other work outside of IS conducted experiments to assert control over a 
setting and find evidence for specific links, e.g. the role of effort in affordance actualisation 
(Warren 1984). 
Based on this, my thesis reflects a philosophy of problem- and theory-centred research. 
The requirements of my research questions call for examination through an iterative, full-cycle 
research approach (Chatman and Flynn 2005) on the basis of a mixed methods design 
(Tashakkori et al. 2012; Venkatesh et al. 2013), combining theory development with 
quantitative experiment data and qualitative case study data in a research program (Berthon et 
al. 2002; Burton-Jones 2009; Eden 2002). In the following, I describe the employed empirical 
research methods (case study and experiment) and their specific programmatic combination in 
my thesis in more depth. 
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A.6.1   Mixed Methods Design 
The combination of qualitative and quantitative research methods as employed in this 
study for data collection and data analysis from multiple sources of evidence is widely regarded 
as appropriate in the IS field (Venkatesh et al. 2013). It helps to overcome boundaries of the 
individual methods, allows triangulation of evidence, and generally leads to robust findings and 
a more complete understanding of the phenomena of interest (Gable 1994; Kaplan and Duchon 
1988; Webb et al. 1966). As the case and the experiment method have certain strength, but also 
weaknesses, I combine both methods in my thesis to understand the phenomena of process 
modelling affordances. 
Specifically, I follow a four-step process (Chatman and Flynn 2005) to combine the 
experiment and case study method in my research program: 
1) Observations of process model design and use in a realistic case setting (Bernhard and 
Recker 2012) as a starting point for my research to ensure relevance and natural proof, 
and informing the complexity of my constructs (such as affordance emergence, 
perception, and actualisation); 
2) Theorising efforts around the constructs and their relationships (the focus of Paper 1 in 
Section B.1); 
3) Experimental examination of process modelling affordances to identify causal 
relationships and boundary conditions (the focus of Paper 3 in Section B.3); and 
4) Additional observations of process modelling affordances in the field to increase my 
understanding and support further theorising (the focus of Paper 2 in Section B.2). 
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The benefits of my programmatic mixed methods design include complementarity (i.e., 
gaining complementary views about how affordances from process modelling emerge, are 
perceived and actualized), completeness (i.e., making sure a complete picture of the phenomena 
of process modelling affordances is acquired by examining it from multiple angles), 
confirmation (i.e., evaluating the credibility of inferences gained from case study and 
experiment separately), and compensation (i.e., compensating for the limitations of the case 
study by using experiments, and vice versa) (Venkatesh et al. 2013). 
Figure 4 visualises and summarises my research design, after which I discuss the 
interrelationship of the individual components of this thesis in more detail. 
 
 
Figure 5: Research design (based on Chatman and Flynn 2005). 
 
In the following, I further discuss how the three papers that form the body of this thesis 
(Chapter B) relate to each other. First, I discuss the influence of the review and theory 
development paper (Paper 1) on the two empirical papers (Paper 2 and 3). Second, I discuss the 
influence of the case study paper (Paper 2) on the experiment paper (Paper 3), and vice versa. 
These relationships are visualised in Figure 6. 
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Figure 6: Derivation of two research models from the general framework of affordances. 
 
Paper 1 develops a theoretical model of affordances, that is, the primary focus is on 
theory development from the existing affordances literature. This framework is set at a general 
level as opposed to an accurate level (Weick and Kiesler 1979). From this general framework, 
multiple research models with higher levels of specificity can be derived in future studies. I 
take this step in my dissertation by deriving two research models at different levels of specificity 
for the case study (Paper 2) and the experiment (Paper 3), to examine certain aspects of the 
general framework. I outline this process in the following. 
The primary focus of the case study (Paper 2) is on theory development from the field. 
Specifically, in this paper, I identify and describe process modelling affordances related to a 
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system development project in practice, and discuss their emergence, perception and 
actualisation. Therefore, in the case study, I use a research model derived from the general-
level framework developed in the theory paper to guide data collection and data analysis. In 
particular, I use an affordance lens to study model creation (that is, model design for 
affordances), model interpretation (that is, the perception of affordances that emerge between 
a process model and its user), and model use (that is, the actualisation of affordances by the 
user of a process model). 
The primary focus of the experiment (Paper 3) is on theory testing in the laboratory. I 
examine how participants use process models to complete problem-solving tasks and measure 
the influence of affordances and symbolic expressions on task performance. I derive and use a 
specific research model from the general-level framework developed in the theory paper for the 
experiment. Based on this specific research model, I develop six precise, testable hypotheses. 
 
Beyond the derivation of these different research models, the theory paper influenced the 
two empirical studies that form Paper 2 (case study) and Paper 3 (experiment) in a number of 
ways, which are outlined in the following.  
 
 How the theory paper influenced the experiment: 
o Paper 1 develops a theory of affordances on an individual level from the 
existing literature. That is, the theoretical framework focuses on individual 
users that use a single object in a certain situation. This focus influenced 
the scope of my experiment, in which individuals use process models for 
problem-solving tasks in a laboratory setting. 
o In my theory paper, I limit examinations of an object’s user to those user 
characteristics which are most prevalent in affordances literature – that is, 
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ability and goals. Therefore, in the experiment, I also focus on these two 
main user characteristics. I operationalise user ability as modelling ability 
(Recker 2013) and user goals as goal-orientation (Button et al. 1996). 
o My theory paper makes a number of recommendations for affordances 
research in IS. One of these recommendations refers to a scoping of 
objects and object properties – that is, researchers should focus their 
examinations on a limited number of objects (one, if possible) and, more 
detailed, also focus on a limited number of object properties (again, one, 
if possible). This ensures that empirical findings can actually be traced to 
certain objects and object properties. In my experiment, I focus my 
examination on one object – a process model. Furthermore, I vary one 
particular property of this object – I use one process model that features 
swim lanes, and one process model that omits swim lanes. In all other 
aspects, the process models are identical. Thus, I can link my findings to 
this particular object and object property. 
o In an experimental setting, many tasks could potentially be studied, such 
as systems planning/selection, requirements determination, or process 
redesign. The review of the affordances literature has shown that it is 
important to focus on one type of task, for reasons of scope. Thus, in the 
experiment paper, the focus is on process redesign. 
o The theory paper discusses the core proceses of affordance perception and 
affordance actualisation in detail. This informed the design of the 
measurement instruments for affordance perception and affordance 
actualisation, which I newly developed for my experiment. 
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 How the theory paper influenced the case study: 
o The theory paper influenced the method choice – a longitudinal case study 
– for Paper 2. The review of the existing affordances literature in IS has 
shown that the case study method is a popular approach to study IS 
affordances phenomena. Furthermore, the general framework developed 
in the theory paper points to the importance of a research design that is 
capable of capturing longitudinal developments. 
o The data collection efforts in the case study paper are guided by the 
theoretical framework developed in Paper 1. For instance, data collection 
instruments such as the interview protocol used in semi-structured 
interviews with model designers and model users contains elements from 
affordance theory, such as actions and behaviours that were enabled for a 
model user by a certain process model. 
o To analyse the collected data from interviews, observations, and document 
analysis in Paper 2, the coding techniques were aligned with the 
affordance framework of Paper 1. For example, during the different coding 
stages, the focus was on the object (i.e., the process model), the individual 
(i.e., the model user), information about and perception of action-
possibilities (i.e., process modelling affordances), and the use of the object 
(i.e., the actualisation of process modelling affordances). 
 
Furthermore, the two empirical studies that form the case study (Paper 2) and the 
experiment (Paper 3) are influenced by each other’s study design and conduct. The following 
two main points outline these mutual dependencies further. 
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 How the case study influenced the experiment: 
o The partner organisation for the case study is a financial service provider, 
specifically, a general insurance provider. As a consequence, the 
experiment treatments and measurements are from the insurance domain. 
o In the case study, a project is examined that develops a new system to 
consolidate several existing systems that support the handling of insurance 
claims. As a consequence, the process models used as treatments in the 
experiment depict an insurance claims handling process. Furthermore, the 
creative problem-solving tasks used as a measure of affordance 
actualisation in the experiment describe insurance claims handling-related 
scenarios and issues. 
o In the case study, process models are used together with supporting 
documents, such as charts describing the meaning of the elements of the 
notation used to design the process models, with PowerPoint files to give 
background information on the project in general and on specific tasks, 
and with text documents that describe business rules or business cases. As 
a consequence, the experiment treatment consists of process models and 
text documents providing additional information. 
o Improving its business processes is a high-level goal of the case 
organisation. These improvements are primarily to be achieved through 
standardisation of processes and systems. Still, the system development 
project under investigation in the case study is also a means for the case 
organisation to seek additional sources of process improvements. Thus, 
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the theme of improving the claims handling process is also used in the 
creative problem-solving tasks of the experiment. 
 
 How the experiment influenced the case study: 
o In the experiment, only a limited number of parameters could be 
examined. Therefore, certain elements of the developed affordances 
framework (Paper 1) remained untested in the experiment. Examples of 
omitted elements include a broader variety of model users, a wider range 
of process models, and different model use situation and contexts. The 
case study was therefore scoped in a way to allow for a broader 
examination of these elements of process modelling affordances. 
o The experiment showed that the symbolic expressions of a process model 
play a key role for the perception and actualisation of possibilities for 
action. Thus, in the case study, I particularly emphasised the examination 
of process model design for symbolic expressions and affordances. 
o The experiment could only examine a limited number of user 
characteristics that seemed of relevance, based on the existing affordances 
literature. However, the experiment results showed that many of these user 
characteristics did not have a strong influence, or any influence at all, on 
the important affordances processes of perception and actualisation. 
Therefore, in the case study, I considered a broader range of user 
characteristics that could inform future quantitative process modelling 
affordances studies, such as replications of my experiment with different 
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parameters (e.g., different operationalisations of user characteristics, such 
as user ability). 
 
After having outlined the interrelationships between the three studies in my thesis, I now 
turn to a brief discussion of the research methods used in Paper 2 (case study method) and Paper 
3 (experiment method). 
A.6.2   Case Study Method 
The case study as a qualitative method has gained popularity in IS studies over the last 
years (Walsham 2006). It is deemed an appropriate method for studying a phenomenon in its 
natural setting (Kirk, Miller 1986). Advantages of the case study method are the ability to 
include the wider context, to deal with the complex behaviours of people, to study a 
phenomenon in-depth and from multiple perspectives, and to capture developments over time 
(Dubé and Paré 2003; Myers 1997). 
In my study, I worked closely with an organisation from the financial service sector. The 
overall timeframe of data collection was February to December 2014. The task setting under 
examination was the creation and use of process models within a large system development 
project. The primary goal of the project is to integrate the systems support for different divisions 
and products into one system after a period of organic and inorganic growth. The study consists 
of two phases. First, I studied the model design activities of a team of eight employees to capture 
system requirements. Following this, I studied two IT teams using process models to develop 
financial and reporting solutions as well as the user interface of the new system. 
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Means of data collection were semi-structured interviews with model users to capture 
perceptual data, analysis of documents (especially the process models being used), and 
observations of instances of process model use. Additionally, I also spent time with employees 
who do not use process models, or are even sceptical towards process models, to identify further 
factors that potentially obstruct process modelling affordance actualisation. 
The protocol to guide the interviews contains four main parts. The first part is about 
demographic information. Second, I ask questions relating to existing process modelling and 
model use experience and expertise, levels of exposure to models, and the design and use of 
models in the workplace. Third, I inquire about actions enabled by a certain process model as 
used in a work task, including detailed questions about the context and situation in which a 
process model supported a certain kind of action or behaviour for a certain user, and what the 
process model allowed the respondent to do. Fourth, I ask about the key details, such as 
properties of the used process model, to establish a link from model properties to affordances. 
The retrospective accounts given by interviewees were challenged using other data collection 
means. For example, statements by respondents relating to model properties are compared to 
insights from analysing the corresponding process model, and reported action-possibilities are 
compared to observed actions and behaviours enabled by the process model. 
I analysed the data using coding techniques associated with grounded theory (Corbin and 
Strauss 2008; Urquhart et al. 2010). Unlike grounded theory, however, I had a general 
preconception of process modelling affordances when I initiated my study, which naturally 
guided my data collection instruments and focus of study. During open coding, I focused on 
recurring themes related to the design and use of process models. During axial coding, I used 
the main concepts and relationships of affordances theory as dimensions of the emerging 
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themes. During selective coding, I identified theoretical patterns through constant comparison 
with the data and the existing affordances literature. 
A.6.3   Experiment Method 
Experiments are one of the most popular forms of IS research to accumulate knowledge 
on system analysis, design, development, and management (Jarvenpaa et al. 1985; Palvia et al. 
2004). It is particularly suited to precisely examine cause-and-effect relationships between 
variables, while controlling for potentially confounding factors. The primary purpose of the 
experiment method is therefore to test and extend theory. In designing an experiment, scholars 
should therefore prioritise precision – the “raison d'être of experimental research” (Dennis and 
Valacich 2001, p. 17) – over considerations of realism and generalisability. As a consequence, 
however, conducting precise experimental research that is also interesting and relevant to the 
academic community presents a challenge (Dennis and Valacich 2001). 
In my study, I tested one key link of the affordances concept: the perception and 
actualisation of affordances. This focus is justified by the prominence of this logical chain to 
the framework of the affordance actualisation process (outlined in greater detail in Paper 1; 
Section B.1). I opted for a mixed design, with the two-level between-group factor symbolic 
expressions (process model with and without swim lanes), the three-level between-group factor 
external information (correct, incorrect, and irrelevant external information), and four within-
subject factors (user ability, learning goal-orientation, performance goal-orientation, and 
actualisation effort). The rationale is that this leads to the emergence and (mis-)perception of a 
task allocation affordance – the possibility to allocate tasks to process participants. 
Participants were randomly assigned to groups. The procedure was as follows: First, after 
an introduction text that briefly explained the study and its aims, descriptive statistics and 
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control variables were obtained (e.g., domain knowledge, self-efficacy). I also queried 
participants’ goal-orientation. Second, I assessed participants’ modelling ability. Third, 
participants received a process model and external information as treatment. The materials 
remained available to participants from this point (Parsons and Cole 2005). After instructing 
participants to study the materials carefully, I assessed participants’ comprehension of the 
model. Fourth, I measured participants’ affordance perception. Fifth, participants completed 
two problem-solving tasks. Sixth, participants were asked how much they relied on various 
information sources in completing the tasks. In addition, participants’ recorded the extent to 
which they experienced cognitive load during the tasks. 
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B. Body 
In this chapter, I present the three main papers that examine the phenomena of process 
modelling affordances from different perspectives. 
 
Paper 1 (B.1) consists of a review of the affordances literature in IS and the development 
of a theoretical framework. This framework extends our understanding of affordances from IS 
objects, such as process models. The focus of the framework is on the processes of affordance 
emergence, perception, and actualisation. It also offers recommendations about how to apply 
the proposed framework, to support future work using an affordances lens. 
 
Paper 2 (B.2) uses the longitudinal case study method to examine process modelling 
affordances in a large systems development project in practice. The paper discusses how 
process models are designed for affordances, and how the actualisation of affordances (or the 
lack thereof) happens in subsequent process model use instances. 
 
Paper 3 (B.3) uses the experiment method to test the proposed theoretical framework 
with participants that use process models to complete problem-solving tasks. Results show that 
it is important to consider affordances and symbolic expressions in model design and use 
processes. 
 
  
48 
 
 
  
 49 
 
B.1 Affordances in Information Systems: Theory Development and 
Recommendations for Future Research 
 
Paper 1 
 
 
  
 
 
Eike Bernhard 
Information Systems School 
Queensland University of Technology 
Brisbane, Australia 
e.bernhard@hdr.qut.edu.au 
 
Jan Recker 
Information Systems School 
Queensland University of Technology 
Brisbane, Australia 
j.recker@qut.edu.au 
 
Andrew Burton-Jones 
UQ Business School 
The University of Queensland 
St Lucia, Australia 
abj@business.uq.edu.au 
 
 
 
 
 
 
 
 
 50 
 
  
 51 
 
Affordances in Information Systems: 
Theory Development and Recommendations for Future Research 
 
 
Abstract 
Affordances describe the possibilities for goal-oriented action that emerge between an object 
and a user. This notion has received growing attention from information systems (IS) 
researchers. However, few studies have gone beyond contextualizing parts of the theory to a 
specific setting. This is just the tip of the iceberg, as existing work in psychology, the originating 
field of affordances, shows. Without studies that treat IS artifacts and users as more than an 
undifferentiated whole, we cannot explain how and why outcomes from the use of IS artifacts 
occur. In this paper, we further develop the IS discipline’s understanding of affordances. 
Specifically, we highlight the gap that exists between the understanding and maturity of the 
affordances theory in other fields and the way the theory has been applied in IS. We seek to 
extend the understanding of the affordance concept in IS by describing the emergence, 
perception and actualization of affordances, as well as their longitudinal developments. To do 
so, we develop a theoretical framework that provides an extended conceptualization of 
affordances from IS objects. Our framework draws attention to the process by which 
affordances are perceived and actualized and their dependence on user abilities, symbolic 
expression, external information and the expected net value of affordance actualization. We 
illustrate our framework by providing vignettes about its core constructs from the use of IS 
artifacts. To further advance the theory of affordances, we propose five recommendations for 
future affordances research. 
 
Keywords: Affordances, Review, Theory development, Emergence, Perception, Actualization 
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1. Introduction – The Promise of Affordances for IS Research 
Research on affordances tells us that while an artifact has material properties that an 
individual can make use of, the existence of these properties does not always determine their 
use. Rather, it depends on how a user perceives and actualizes the possibilities for action that 
emerge for that user in relation to an object and in the context of a goal (Gibson 1979). IS 
researchers have found the notion of affordances to be helpful in understanding the use and 
consequences of IS artifacts in organizations, such as technologies and software. Following the 
definition by Markus and Silver (2008), who described functional affordances as possibilities 
for goal-oriented action that artifacts offer to specified user groups (Markus and Silver 
2008), an increasing number of IS academics has started to use the concept to theorize how 
individuals and groups make use of information technology. 
Notwithstanding the advances made in affordances research, in this paper we will 
demonstrate that key gaps in the conceptualization and application of affordances from IS 
objects remain. For instance, we still do not understand fully what influences the actualization 
of an affordance by the user of the object. Furthermore, affordances have at times been treated 
as something that resides within or can be built into an object, instead of being relational 
(Norman 1988; Turvey 1992) – a view that has been criticized due to its proclaimed nearly 
deterministic consequences for object use (Jung and Lyytinen 2014). We will also demonstrate 
that the concept as used in many IS studies is underdeveloped – that is, it does not fully 
capitalize on its capabilities in explaining object-user interactions, including multi-level 
considerations and in-depth descriptions of the object-use-context. Also, with few exceptions 
(e.g. Strong et al. 2014), IS affordances research has assumed that an affordance simply exists 
and can be utilized without justifying how and why it emerges. 
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The aim of our paper is to extend IS research on the emergence and actualization of 
affordances by developing an extended conceptual framework that specifies where affordances 
originate and how they are enacted. We will introduce the key concepts of our framework, that 
is, affordance emergence, perception, and actualization, discuss how affordance emergence 
depends on the relation between the object and its user, how the perception of affordances is 
determined by information, and affordance actualization is influenced by its perceived net 
value. 
To support our arguments, we use vignettes (Finch 1987) to illustrate how the framework 
provides a way to conceptualize object-user interactions in IS contexts. We chose two IS 
artifacts from published IS affordances case studies as the context of our vignettes: a computer 
simulation (Leonardi 2011a; Leonardi 2011b) and electronic health records (Strong et al. 2014). 
In doing so, we show the applicability of our framework for IS artifacts across different 
application domains and forms. Both cases provide rich data and extensive information 
obtained through interviews and observations.  
In the following Section 2, we discuss the history and existing tensions in the affordances 
literature. In Section 3, we assess how these tensions translate to affordances research in IS. We 
then develop a new framework to describe affordances from IS artifacts to help researchers to 
use affordance theory more effectively in Section 4. We instantiate our framework with 
vignettes involving two important IS artifacts. Finally, in Section 5, we offer recommendations 
and discuss how future IS affordances research can address existing challenges to support 
further theoretical and empirical research based on our framework. 
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2. History of the Affordances Concept 
Affordances are a notion that originated in the work of Gibson, an ecological psychology 
researcher, who stated that “the affordances of the environment are what it offers the animal, 
what it provides or furnishes, either for good or ill” (Gibson 1979). At the core of the concept 
is the idea that affordances are not rooted in features of an object in isolation. Instead, 
affordances are relational and emerge in the interaction of an object and an individual who 
uses the object to achieve a goal. This interaction depends on both the characteristics of the 
object and the user (Gibson 1979). An affordance cannot emerge for an object or a person 
independently. Therefore, in examining affordances and their emergence, research cannot focus 
on either the object in question or the individual using the object. As it is a relational concept, 
affordances research must specify both the object and the user of the object (Stoffregen 2003b). 
The existence of an IT system, while it may possess some element of agency, does not lead to 
the emergence of affordances without input or manipulation from a human user (Stoffregen 
2003b). Similarly, a person in the workplace will not experience the emergence of a system-
related affordance without the use of the system. 
There is some disagreement regarding the emergence and locus of affordances. Prior 
research can largely be categorized into two streams. The first stream, which the majority of IS 
researchers have previously claimed to follow and where we position our own work, is based 
on Gibson’s (1979) view that affordances are relational and they can exist without being 
perceived by the user of the object (Stoffregen et al. 1999). Furthermore, Gibson argued that 
there is no mental representation and cognitive processing, but rather a direct perceptual 
relation between the user and the object, which either advances or obstructs the user’s activities 
without invoking representations or mental models (Chemero 2011; Gibson 1979; Turvey et al. 
1981). 
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We believe Gibson’s view can be valuable today for explaining the complex relationship 
between user and technology. Yet, the concept was originally conceived and illustrated for the 
animal kingdom and a natural environment. To some degree, his ideas are transferable to 
humans today – for example, in fairly simple physical tasks such as locomotion. This has been 
researched extensively in psychology for activities such as sitting, crossing a gap, or catching 
a ball (e.g., Jiang and Mark 1994; Mark et al. 1990; Michaels et al. 2001). However, this origin 
of the concept in the realm of animals and the typical physical application scenarios are a 
limitation of Gibson’s understanding of affordances that has been criticized recently (e.g., 
Kaptelinin and Nardi 2012); as has the idea of “direct perception” (Ullman 1980). We argue 
that affordances theory allows for adaption and extension to account for complex, advanced 
technologies and tasks in contemporary organizations (Gaver 1991; Hutchby 2001). To realize 
this extension, we need to move beyond the assumptions of direct perception that ignore 
cognitive processes and the creation of mental models in people’s minds. 
The second stream of affordances research is based around the belief that affordances are 
properties of objects. Prominent studies in this stream are Turvey’s (1992) and Norman’s (1988) 
work. For instance, Norman argues that human behavior can be influenced by designing objects 
such that they provide certain designated affordances. In doing so, the objects signal to the users 
how they should be used. As a consequence, the burden on the users to discover what the objects 
can and should be used for is reduced by designing affordances into objects. Norman himself 
cautioned later that his work rather focuses on what users perceive instead on what is actually 
true (Norman 2002). There was some uptake of Norman’s conceptualization of affordances in 
IS, mainly in HCI research (e.g., Schmeil et al. 2012; Sutcliffe et al. 2011). 
One key problem with the non-relational view is that the user perspective is not 
sufficiently taken into account. As a consequence, an affordance for users may be assumed to 
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reside within an object, while there actually is none. This may lead to an issue termed “false 
affordance” (Gaver 1991). We return to this issue in more depth in Section 4.5. To illustrate 
this issue in an IS context, assume that the developer of a system does not take the future users 
of the system into account. Thus, the developer may assume that future users will see, and act 
on, certain features of the system that is being developed. However, this may not happen as 
expected – the users could have different perception and actualization processes compared to 
the designer, based on their individual characteristics and different backgrounds (DeSanctis and 
Poole 1994). Therefore, instead of an object-based view, we believe that the value of the 
affordances lens lies in its relational character and thus, our conceptualization of affordances 
follows a relational view. 
3. The Current Use of Affordances Theory in IS Research 
Our examination of the history of affordances shows that there is currently no consistent 
understanding of affordances. This relates to the locus of affordances, the processes of 
affordance perception and actualization, the contextual factors that can influence these 
processes, and the role of the characteristics of the object’s user. To investigate how these 
existing tensions in the literature impact the field of IS, we conducted a literature review to 
better understand how IS researchers have been using affordances theory. 
In performing our review, we had two specific objectives in mind. First, to assist us with 
developing our theoretical framework, we sought to understand how IS literature contributed 
to the theory of affordances. Thereby, we undertook a type of theoretical review (Paré et al. 
2015) to organize prior research, identify common patterns and commonalities in prior work 
that we could integrate into our framework. Second, we also sought to understand limitations, 
weaknesses and inconsistencies in the understanding of affordances to date, so as to develop 
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our framework in such a way that it can help in mitigating these issues. To that end, we 
performed a critical review of the literature (Paré et al. 2015). 
In performing our review we followed the guidelines of Webster and Watson (2002). We 
conducted a database search limited to the eight leading journals in IS as per the Senior 
Scholars’ Basket of Journals (AIS 2011). As period of coverage we considered all papers since 
the origin of affordances theory in the 1970s until September 2014. First, we searched the 
identified journals for the term “affordance(s)” in title, abstract, keywords, and full text search 
fields. Papers were only counted once in the ‘Identified papers’ column of Table 1. After this 
search, we examined the identified papers. Papers we deemed irrelevant (e.g., studies that 
mention the word “affordance” once in the body of the paper without any relation to the theory) 
were not considered further. We also examined one additional paper that was not part of the 
AIS Basket of 8, but which we nonetheless considered a key IS affordances paper (Fayard and 
Weeks 2014). 
We then reviewed the identified relevant papers in detail. In a first step, we classified 
each paper as either applying affordances theory as a theoretical perspective, or adding to the 
development of a theory of affordances (“developing” affordance theory). We did this by 
examining where and how in the paper the concept of affordances was mentioned. For instance, 
if a paper provides a brief background on affordances (e.g., it merely mentions Gibson) and 
studies the use of an object from an affordances lens without also extending our understanding 
of affordances, the paper would be classified as applying an affordances lens. On the other hand, 
if a paper provides a new perspective to look at affordances (such as the practice lens taken by 
Fayard and Weeks 2014), specifies affordance-related constructs or links between constructs 
(such as affordance actualization, Strong et al. 2014), or examines affordances on a level not 
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previously considered (such as the organizational level, Goh et al. 2011), the paper would be 
classified as adding to the development of affordances theory. 
Through this classification, we distinguished papers that apply existing concepts from 
affordance theory to a study without advancing the theory per se from those that provided 
extensions to affordances theory itself. Table 1 summarizes our search process and results. 
Table 1: Literature Search Process and Results. 
Journal 
Identified papers 
(relevant / total) 
Affordances as theoretical lens 
Development of 
affordances theory 
European 
Journal of 
Information 
Systems 
4 / 10 
4 (Cao et al. 2013; Dery et al. 2014; Doolin 
and McLeod 2012; McLeod and Doolin 2012) 
0 
Information 
Systems 
Journal 
3 / 10 
2 (Goel et al. 2013; Subramaniam and 
Nandhakumar 2013) 
1 (Jung and Lyytinen 
2014) 
Information 
Systems 
Research 
3 / 5 
2 (Burton-Jones and Grange 2013; Oborn et al. 
2011) 
1 (Goh et al. 2011) 
Journal of 
Information 
Technology 
6 / 15 
6 (Akhlaghpour et al. 2013; Brigham and 
Introna 2006; Newell 2014; Schultze 2010; 
Seidel and Urquhart 2013; Stein et al. 2013) 
0 
Journal of 
Management 
Information 
Systems 
8 / 18 
8 (Arazy and Gellatly 2012; Arazy et al. 2011; 
Benlian et al. 2012; Biocca et al. 2007; 
Burgoon et al. 1999; Kim et al. 2012; 
Østerlund 2007; Tillquist 1996) 
0 
Journal of 
Strategic 
Information 
Systems 
4 / 5 
4 (Majchrzak and Malhotra 2013; 
Nandhakumar et al. 2005; Välikangas and 
Sevón 2010; von Krogh and Haefliger 2010) 
0 
Journal of the 
AIS 
14 / 24 
11 (Chua and Yeow 2010; Davern et al. 2012; 
Eryilmaz et al. 2013; Jiang et al. 2010; Junglas 
et al. 2013; Kudaravalli and Faraj 2008; 
Mittleman 2009; Nambisan 2013; Nardon and 
Aten 2012; Schmeil et al. 2012; Yoo 2013) 
3 (Markus and Silver 
2008; Robey et al. 
2013; Strong et al. 
2014) 
MIS Quarterly 6 / 6 2 (Majchrzak et al. 2013; Seidel et al. 2013) 
4 (Gaskin et al. 2014; 
Leonardi 2013; 
Leonardi 2011b; 
Volkoff and Strong 
2013) 
Total 48 / 93 39 9 
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Next, we reviewed each identified relevant paper in detail. At this stage, our review focused on 
the main results of the paper, the employed methodology, and the contribution of the paper to 
affordances theory. Table 2 summarizes the finding from this in-depth review. 
Table 2: Overview of Prior IS Affordances Research. 
References Key findings Methodology 
Contributions to the understanding 
of affordances 
Markus, 
Silver (2008) 
 Object properties are relevant but 
insufficient to explain object uses 
and effects. 
 Object properties can provide 
affordance information, but 
affordances are not object 
properties. 
Conceptual study 
 Functional affordances and symbolic 
expressions as relational concepts 
describe IT artifacts. 
Leonardi 
(2011b) 
 Technology either constrains or 
affords employee goal 
achievement. 
 Depending on the imbrications of 
human and material agencies, 
employees change routines or 
technologies when failing to 
achieve a goal. 
Single case study 
 Change decisions are based on the 
imbrications of human and material 
agencies. 
Goh et al. 
(2011) 
 Co-evolution of routines and 
technology: Affordances of new 
system change organizational 
routines; new system is routinized. 
Single case study  Evolution of affordances through 
agentic action. 
Volkoff, 
Strong (2013) 
 Affordance-based theories 
informed by critical realism 
enhance our ability to explain IT-
associated organizational change. 
Post-hoc analysis of 
two case studies 
 Affordances are generative 
mechanisms in organizational change 
processes. 
Robey et al. 
(2013) 
 Material artifacts are part of a 
generative system that leads to 
organizational change. 
Conceptual study 
 Conceptualization of organizational 
change affordances at the 
organizational level. 
Leonardi 
(2013) 
 Group-level network change leads 
to changes on the organizational 
level when individuals use the 
same subset system features. 
Single case study 
 The use of the same system features by 
different individuals leads to the 
emergence and actualization of shared 
affordances. 
Strong et al. 
(2014) 
 Research should address the IT 
artifact, the non-deterministic 
process of IT effects, the multi-
level nature of IT-enabled change 
processes, and the intentionality of 
change agents. 
Single case study  Replacement of appropriation concept 
with actualization. 
Jung, 
Lyytinen 
(2014) 
 Media choice is a multi-
dimensional process, based on 
media features and voluntaristic 
rendering of users’ media 
perceptions. 
Multiple case study 
 Users explore their surroundings to 
establish affordances that allow goal 
achievement. 
Gaskin et al. 
(2014) 
 Development of a lexical 
framework to study generalizable 
patterns of association in socio-
material practices. 
Conceptual study 
illustrated using 
qualitative and 
sequence analysis of 
a single case 
 The affordances and materiality of 
affordances offered by an object are 
elements of socio-material routines. 
Fayard, 
Weeks (2014) 
 Development of an integrative 
practice-view on affordances that 
shifts the analytical focus from 
technology to practice. 
Conceptual study 
 Combination of affordances (i.e., what 
is possible) with habitus (i.e., what is 
socially acceptable). 
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We recognize the contributions made by recent work (since 2008) on affordances in the 
IS literature. Important advances have for example been made in the identification of 
affordances (e.g., “green” affordances, Seidel et al. 2013), our understanding of individual 
behavior (e.g., decisions of individuals to actualize a system-related affordance, Strong et al. 
2014), the development of organizational routines (e.g., how clinical work routines change 
through technology affordances, Goh et al. 2011), and multi-level affordances (e.g., system 
affordances that are actualized by a group of similar users, Leonardi 2013).  
Complementary to the advances that are reported in the IS literature, we also identified 
areas with potential for further improvement. Our review points to noteworthy patterns with 
regards to the number of publications and publication dates of the identified papers, the 
employed research methods, and the role of the user in the author’s interpretation of 
affordances, which leads us to the following four main conclusions. 
First, while the concept of affordances has experienced a wide uptake in other fields of 
research, especially in psychology (e.g., the search for the keyword “affordance(s)” yielded 204 
hits in the journal Ecological Psychology alone), the proliferation of this concept in IS has 
emerged only recently. Our review of papers that contribute to the further development of 
affordances prior to Markus and Silver’s (2008) influential work yields no results in the AIS 
Basket of 8, compared to 8 results thereafter, plus one additional paper of relevance outside the 
AIS Basket of 8. The number of studies that aim to increase our understanding of affordances 
is still growing. An indicator for this is the large proportion of recently published papers, which 
also points out the lack of maturity of this area of research (e.g., 2 papers have been published 
in 2011, 3 in 2013, and 4 in 2014). 
Second, even though psychology researchers have highlighted the role of a user’s 
affordance perception before being able to act on it, this conceptual separation has largely been 
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ignored in existing studies in IS. Thus, prior work could not examine the link from affordance 
perception to actualization. 
Third, in terms of methodology, while there is some empirical IS affordances research, 
most examined one single case (4 papers) or (re-) examined multiple cases (1 paper). 
Qualitative methods such as case studies have been described as being particularly suited to 
study phenomena from an affordances perspective, as this requires a deep understanding of the 
interaction of users and objects, and this interaction is heavily influenced by a diverse range of 
context factors (Michaels and Carello 1981). However, applications of quantitative methods 
such as experiments and field studies using the survey method, the most common 
methodological approaches in IS research (Palvia et al. 2004), are nonexistent to date. This is 
surprising, as there has been a higher uptake of the experiment method in psychology (e.g., 
Mark 1987; Stoffregen et al. 1999; Warren 1984; Ye et al. 2009). 
Fourth, the characteristics of the object users have not been addressed appropriately in 
IS research (Markus and Silver 2008). This has been an integral part of the affordances concept 
since its origination in psychology and focused on those (largely physical) attributes of the user 
that play an important role for a certain activity, such as leg length for stair climbing (Warren 
1984) or stepping over obstacles (Pufall and Dunbar 1992), or body height for sitting on a chair 
(Stoffregen et al. 1999). 
4. Theoretical Framework for Affordances Research in IS 
To advance the understanding of affordances in IS, we now develop a general framework 
of individual-level affordances. This framework and its constructs are illustrated in Figure 1 
and outlined in the following. In our framework, constructs are visualized as boxes (e.g., 
affordance perception). The grouping of object and user on the one hand and functional 
affordance, symbolic expression, and external information on the other hand depicts the 
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relational nature of affordance theory. The arrows indicate the relationships between the 
constructs (e.g., affordance perception happens before, and leads to, affordance actualization). 
Our starting point in developing this framework is the object-user interaction. It is in this 
interaction that an affordance emerges for the user, and that meaning and external information 
about the use of that object is communicated to the user. Our framework acknowledges the 
relational nature of affordances; includes a detailed consideration of an object’s user; 
conceptually separates affordance perception and actualization; includes longitudinal aspects 
as development over time and feedback loops; appreciates the role of context factors that 
influence the processes of affordance perception and actualization; and allows for the derivation 
of precise testable hypotheses about perception and action. 
In describing the framework, we provide vignettes (Finch 1987) for the instantiations of 
our concepts in scenarios involving two IS artifacts examined in previous research; computer 
simulations (Leonardi 2011a; Leonardi 2011b) and electronic health records (Strong et al. 
2014). Our rationale in using these vignettes was to provide illustrative examples within two 
diverse but relevant and substantive IS contexts for the higher-level concepts and reasoning 
provided by the theoretical framework. 
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Figure 1. Theoretical Framework of Affordances. 
4.1  The User 
We start by defining an object user as an individual that uses an object in a way that helps 
attain the objectives of a goal-directed activity (Burton-Jones and Grange 2013). Our literature 
review showed that the user as a concept in affordance theory has not yet been appropriately 
addressed. Therefore, we examine relevant user characteristics. 
There is disagreement among researchers as to what the relevant characteristics of an 
object’s user are (Chemero 2003). However, most recognize that the extent to which the user 
of an artifact has an individual capacity for activity, what we refer to as ability in this paper, 
plays a vital role in affordances research (Stoffregen 2000). For instance, the affordance of stair 
climbing is influenced by the stair climbing ability of the person wanting to ascend to a higher 
level of a building (Cesari et al. 2003). Conceiving capacity as abilities goes beyond the view 
of early research, which limited the user characteristics to mere physical features measured in 
arbitrarily defined extrinsic units, such as the person’s leg length (Gibson 1979; Warren 1984). 
To illustrate this point, imagine an elderly person who may have the sufficient leg length to 
Paper 1: Affordances in Information Systems: 
Theory Development and Recommendations for Future Research 
 
65 
 
potentially climb a flight of stairs. This person however lacks the physical ability to actually 
climb the stairs due to a lack of muscular power, healthy joints, and flexibility. Therefore, a 
stair climbing affordance does not emerge for that particular person (Cesari et al. 2003; 
Konczak et al. 1992). Ultimately, the role of user ability depends on the specification of the 
affordances in a given situation (Gibson 1979).  
In addition to ability, the second key user characteristic of relevance for affordances 
theory is the user’s goal(s) in a given task situation. Affordances theory adopts teleology – the 
view that the behavior of individuals is goal-driven – as a philosophical underpinning. For 
instance, in IS research, Markus and Silver’s (2008) definition of functional affordances as 
“goal-oriented action-possibilities” points to the importance of the goal that the user of a 
technical object pursues.  
Goals are not merely the description of a desired end-state supported by affordances 
(Stoffregen 2004). The existence of clear goals (and sub-goals), as well as appropriate feedback 
on goal achievement, has been linked to employee motivation and, in turn, improved 
performance (Bandura 1986). Due to the importance of goals in affordance theory, we include 
goal-orientation as a user characteristic. Goal-orientation has become one of the most frequently 
studied variables in applied psychology (DeShon and Gillespie 2005). It consists of the two 
elements of performance goal-orientation and learning goal-orientation. Generally speaking, 
individuals with a high learning goal-orientation seek to increase their competence and to 
understand or master something new. Individuals with a high performance goal-orientation on 
the other hand seek to gain favorable judgments of their competence or avoid negative 
evaluations of their competence from other people (Button et al. 1996). It is important to note 
that these elements are not exclusive – a person may exhibit, for example, high levels of both 
learning and performance goal-orientation. For the purpose of goal-orientation processes 
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relevant to the work setting (DeShon and Gillespie 2005), we define goal-orientation as the 
degree to which a person focuses on tasks and the end results of those tasks. 
We focus our considerations of user characteristics on ability and goals due to the 
prominence of these characteristics in the understanding of affordances (i.e., affordances as 
potential for goal-oriented action) as well as existing affordances literature. However, there are 
certainly other potentially interesting and relevant aspects for an individual that uses an object, 
such as cultural differences (Fayard and Weeks 2007), selective attention (Garry 1993), aptitude 
(Snow 1992), creativity (Glăveanu 2012) or attunement (Schiff and Arnone 1995), just to name 
a few, which we leave for future research. 
4.2  The Object 
In our conceptualization of the object in use by the user for a goal-directed activity, we 
follow Markus and Silver’s (2008) discussion of object properties. These include material, 
arrangement and appearance, among others. The relevant object properties from an affordance 
perspective are those that hold causal potential for the emergence of an affordance for a certain 
user, by influencing how that user can interact with the object. Object properties without 
relevance for an affordance are therefore out of scope for affordance theory. 
Any object will consist of a number of properties, not all of which are relevant for a 
certain user in a certain situation. For example, while structural properties of a chair (e.g., 
height, structural integrity) may be important for a sitting affordance to emerge for an 
individual, the color of the chair may not. 
Previous affordances studies often examined the use of physical objects, such as stairs, 
doors, balls, or chairs (e.g., Mark et al. 1990; Oudejans et al. 1996; Stoffregen et al. 1999; 
Warren 1984). Physical objects usually relate to motor tasks (climbing stairs, opening doors, 
catching balls, or sitting in a chair), that is, tasks that primarily involve the motor system. IS 
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artifacts typically represent a different category of objects. Some physical aspects are relevant 
for IS as well, such as the use of human interface devices (e.g., keyboard, mouse, touchscreen). 
Nonetheless, the use of an IS artifact is mainly a cognitive task and IS artifacts can be conceived 
primarily as being informational objects (Davern et al. 2012). That is, the nature and function 
of an IS artifact (be it a system or even a model of a system) is often to provide a cost-effective 
representation of information about a business domain such that users of the artifact (i.e., the 
system or even the model thereof) can make decisions about the domain (Burton-Jones and 
Grange 2013). 
4.3  The Emergence of Functional Affordances and Symbolic Expressions 
Both object properties and user characteristics together lead to the emergence of a 
functional affordance in the interaction between object and user (Markus and Silver 2008). An 
affordance actually emerges only if (a) a given property with causal potential for an affordance 
is present in the object and (b) the user of the object possesses the appropriate characteristics 
(such as sufficient ability) to use the object to achieve a goal. An affordance does not emerge 
between a user and an object if this object does not possess the required properties, no matter 
how high the user’s ability. An affordance also does not emerge if the user of an object does 
not possess the required level of ability, despite the fact that the object may possess the required 
properties. 
In more formal terms, an object X affords an activity Y for a user Z if and only if certain 
properties of X are dually complemented by certain properties of Z (Turvey et al. 1981). The 
following vignette illustrates these requirements. 
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IS example: 
An engineer has received training on how to operate a computer simulation for car crash tests and also gained 
experience in working with this simulation technology (Leonardi 2011a; Leonardi 2011b). Now the engineer is 
faced with a work task: assessing the crashworthiness of a car under development. The engineer uses the computer 
simulation for support in this task. The different virtual representations of the car, tables and reports that are part 
of the simulation lead to the emergence of a “crashworthiness evaluating” affordance for the engineer: it provides 
the engineer with the possibility to test and evaluate how the car behaves in different accident situations involving 
different structural parameters. Note that this affordance only emerges because the user has characteristics such as 
“received training” and “gained work experience with simulation”. 
Emerging affordances can be described through symbolic expressions. Symbolic 
expressions emerge similarly to affordances between a user and an object. They describe the 
messages that an object communicates to it a user about its meaning and potential use (Markus 
and Silver 2008). We therefore define symbolic expressions as the communicative 
possibilities that an object offers to a user (Markus and Silver 2008). Analogous to 
affordances, the emergence of symbolic expressions depends on the ability of the user to receive 
and interpret the information conveyed to him/her by the object. This relational concept is thus 
a source of information for a certain user about what the object can be used for (i.e., what it 
affords to its user). 
Why is the concept of symbolic expressions important? The answer lies in the limited 
descriptive power of purely focusing on the object and its features. Without making the user of 
an object part of our considerations, we cannot understand differences in views, behaviors, uses 
and outcomes related to that object (Chemero 2003). For instance, we could describe a chair 
along its material properties, by saying it is made of wood, has a certain height and a certain 
seating surface. This chair may communicate to an average person that it affords “sitting”; for 
a beaver however the chair would rather communicate that it is something to gnaw on 
(Goldstein 1981).  
IS example: 
Consider again the car crash computer simulation (Leonardi 2011b) and the same engineer as per our example 
above. The virtual representations produced by the system in the form of tables and reports communicate to this 
engineer that he/she can actually use the system to virtually evaluate how well a car does in a crash test, as he/she 
has sufficient ability to recognize this. 
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4.4  The Context of Affordances 
Affordances are not fully accessed directly from the memory of the actor, but instead 
depend on the characteristics on the specific situation at hand (Fayard and Weeks 2007; 
Oudejans et al. 1996). Thus, the context plays a key role for affordance emergence, perception 
and actualization (Strong et al. 2014). 
For instance, Stoffregen (2003a; 2004) describes affordance emergence as “nested” in 
context, that is, affordances emerge between an individual and an object, “but also out of 
superordinate social and economic conditions” (Stoffregen 2004, p. 82). He illustrates this 
point with the frequently used affordances example of star climbing: “A flight of stairs may 
bear the appropriate relation to my legs and yet be unclimbable if, for example, the stairs and 
I are in a theater during a hushed performance or if the stairs and I are on a ship that is being 
violently tossed by a storm” (Stoffregen 2004, p. 82). 
In Stoffregen’s second example, the affordance is influenced by space and time. The 
object and the actor are aboard a ship, which is on the water. Due to bad weather, the ship is 
moving and the stairs are unclimbable for the user that in a different situation (i.e., calm waters) 
would be able to climb the stairs. In the first example, the affordance is additionally influenced 
by a social context parameter – the co-presence of others (Bloomfield et al. 2010). The intention 
to walk up the stairs occurs during a theater performance, when there are other guests present 
in the theater, which means that certain social conventions are in place. Fayard and Weeks 
(2014) offer a way to better explain such scenarios by pairing affordances theory with the 
concept of habitus – cultural and social dimensions that influence behavior in the presence of 
others. 
Just as individual users in contemporary organizations typically do not act in isolation, IS 
artifacts also do not exist in isolation (Strong et al. 2014). Instead, people usually have a range 
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of objects at their disposal. Thus, it is important to understand how the affordances context is 
shaped by different objects; especially those that provide viable alternatives to other objects 
(Jung and Lyytinen 2014; Ye et al. 2009); or that allow additional action-possibilities for a user 
when combined with other objects (Fayard and Weeks 2007). 
Thus, in our description of the affordances context, we focus on three factors that have 
been identified by previous research – space (i.e., where are the object and the user located?), 
time (i.e., when is the use of an object happening?), habitus (i.e., what is the socially acceptable 
behavior?) and alternatives (i.e., what other objects are available to the user, and what other 
action-possibilities do they offer to that user?). 
IS example: 
A healthcare organization has implemented an electronic health record (EHR) (Strong et al. 2014). For individuals 
that can type and know how to add and update patient data, the use of the EHR that provides a common database 
for storing patient information and structured data entry forms, the affordance “Capturing and archiving digital 
data about patients” emerges. This affordance is supported by the organizational context of the clinic. Specifically, 
the organizational culture promotes considering and treating patient data as a clinic resource, rather than belonging 
to individuals. This, in turn, invites EHR users to record all appropriate patient data and patient interactions in the 
EHR.  
4.5  The Perception of Affordances 
Like Ullman (1980), we deviate to some degree from Gibson’s (1979) idea of direct 
perception in describing the process of perceiving affordances, and instead make the basic 
assumption that the user of an object can be described as a human information processor (Card 
et al. 1983; Moody 2009; Newell and Simon 1972). The subsystems of this view are the 
perceptual, motor and cognitive system (Card et al. 1983). The perceptual system is responsible 
for carrying sensations of the physical world into the mind. In other words, perception describes 
the collection, identification, organization and interpretation of sensory information in 
order to represent and understand the environment (Schacter et al. 2011).  
From an affordances perspective, the perceptual system of a person captures sensory 
information about the objects in the environment. However, according to Gibson’s (1979) 
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ecological approach to perception, instead of only capturing neutral, extrinsic information about 
objects, their component parts or features, the properties of objects are rather perceived in 
relation to their potential to enable an activity for the person in order to achieve a certain goal 
– that is, their affordances. For instance, a person's first reaction to a flight of stairs may, in fact, 
be “here is a way to go up” rather than, “here is a series of surfaces” (Gaver 1991; Goldstein 
1981; Warren 1984). 
Prior affordances research showed that perception is a key activity: “the question is not 
whether affordances exist, but whether information is available for perceiving them” (Gibson 
1979). Similarly, McGrenere and Ho (2000) established the importance of information clarity 
that describes the usability of affordances. Shaw et al. (1982) argued that affordances can be 
misperceived and that users may not realize this until after an unsuccessful attempt of 
affordance actualization. This misperception is determined by the availability of information. 
Extending this view, Gaver (1991) identified three categories (perceptible, hidden, and false) 
of affordances based on the existence and correctness of available information. 
The role of false information has also been addressed in IS research. For example, Appan 
and Browne (2012) showed that the introduction of misinformation in user-analyst 
communication reduces the accuracy of system requirements in the requirements elicitation 
process. 
We argue that affordance perception is influenced by the existence and quality of 
primarily perceptual information relating to the affordance, that is, the cues that signal to the 
user that an affordance exists. We further argue that the quality of affordance information is 
composed of information correctness (defined as the extent to which information accurately 
reflects an existing affordance for a user) and information salience (defined as the prominence 
with which information suggests the existence of an affordance to a user). The former refers to, 
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for instance, correct, complete, and up-to-date information. The latter refers to, for instance, 
noticeability, discernibility, and legibility in the case of text, and audibility in the case of sound 
(Hartson 2003). 
In our proposed framework, and following affordances researchers such as Stoffregen 
(e.g., 2000; 2003b), we concentrate on ontology (e.g., what is and should be perceived). Thus, 
it is important to note that perceived affordances are not necessarily the same as existing 
affordances. Perceived affordances may be a subset (i.e., not all existing affordances are 
perceived by the user) or a different set altogether (i.e., the user falsely perceives affordances 
which actually are not existing). 
Often, an object will offer more than one affordance to its user (Volkoff and Strong 2013). 
It has been pointed out that a user may be less likely to perceive, let alone actively search for, 
affordances that are irrelevant to the immediate goal(s) of the user (Stoffregen 2004). 
Furthermore, it has been shown that the order in which affordances are perceived plays an 
important role. In their experiments, Ye et al. (2009) showed that the user of an object who 
perceived one particular affordance was less likely to perceive other affordances from that same 
object. Hence, it seems that the initial affordance perception leads the user to focus the attention 
on that particular affordance, thereby effectively limiting the open-mindedness for further 
affordances. This is an important aspect to keep in mind for designers of IS artifacts, who may 
wish to consider the salience of information about different affordances provided to the user 
from the object’s symbolic expressions and external information, as any design choice that 
emphasizes one affordance could restrict the perception of other affordances. 
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IS example: 
Consider again the case of a healthcare organization that has implemented an electronic health record (EHR) 
(Strong et al. 2014). The EHR system is set up on computers in patient exam rooms. Assume that the user of the 
EHR system is a physician that is highly skilled in the use of information technology in general, and that is pursuing 
the goal of documenting details about the examination and treatment of patients. The physician now sees the input 
devices of the EHR system, such as the keyboard and mouse, and its output devices, such as the monitor. When 
using the EHR system, the physician also sees its labels, drop-down menus and other displayed elements. The 
input and output devices are actually plugged in and not faulty, and the system information that is displayed on 
the screen is correct and legible (i.e., all components seem to be working as expected). Based on this, the physician 
perceives an actually existing affordance – the possibility to “capture and archive digital data about patients” 
using the EHR system. 
4.6  External Affordances Information 
One possible source of affordance-related information is the relationship of the user and 
the object as symbolic expressions. Another source is external information – again, 
conceptualized as relational (i.e., existing in the relationship of the user of an individual and the 
external information source). We make this conceptual distinction between the two kinds of 
affordance information as symbolic expressions originate from the relationship between the 
user and the object (e.g., the information displayed on a computer screen as read by the user of 
the computer), while external information does not require the object’s presence (e.g., the 
computer user reads the manual of the computer). In this point, our approach differs from 
authors who only considered information that stems from the object (e.g., Hartson 2003) and 
authors that subsumed both information sources under the symbolic expressions umbrella (e.g., 
Goh et al. 2011), as a distinction of different sources of affordance information offers a greater 
level of detail and thus, a better understanding of the affordance perception process. 
We argue that both information sources can exist separately, and each information source 
has an individual and direct effect on the perception of an affordance. Thus, despite the absence 
of external information, symbolic expressions can lead to affordance perception. Similarly, 
even though a user may fail to notice or choose to ignore symbolic expressions, he/she may still 
be able to perceive an affordance, given that affordance information is instead provided from 
external sources. 
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IS example: 
Consider again our previous EHR example. Physicians, nurses, and other staff members received booklets about 
the functionalities of the EHR that they could refer to. These documents provide external affordance 
information. For instance, one of the booklets has a chapter on digital data entry into the EHR. The information 
in this book chapter now assists a physician to perceive the “capturing and archiving digital data about patients” 
affordance. 
4.7  The Actualization of Affordances 
Functional affordances do not determine action, or describe actions that currently occur 
and are observable, but only define a set of possible actions (Markus and Silver 2008; 
Stoffregen 2004; Turvey et al. 1981). For a user, perception is the means to action and entails 
an object’s properties, the user’s own characteristics, and the relation between the two as 
affordances (Stoffregen et al. 1999). The identification of affordances is only the first step in 
understanding the object-user-interaction (Strong et al. 2014). After the perception of 
affordances, the individual engages in a (conscious or unconscious) decision-making process 
about whether to actualize an affordance (Warren 1988) and how (Strong et al. 2014). Or, in 
case of multiple perceived affordances, which specific affordance to actualize (Ye et al. 2009). 
We borrow from Strong et al. (2014) when we define affordance actualization as “the actions 
taken by an actor as he/she takes advantage of an affordance through the use of the technology 
to achieve a goal”. Importantly, the actualization decision of a user may, but does not 
necessarily, correspond to the originally intended use of the object (Orlikowski 1992). This 
decision is based on the goals of the user and the anticipated impact of actualizing a certain 
affordance (Newell 1982). 
IS example: 
Consider yet again our previous EHR example. Two of the features of the EHR are that it provides a common data 
base for storing patient information and structured data entry forms. For a physician that is able to type, can in 
general use an IT system, and has furthermore learned how to add and update patient data in the EHR, a “capturing 
and archiving digital data about patients” affordance emerges. The physician decides to actualize this affordance 
to improve patient care and avoid malpractice liabilities. The physician does so by recording all appropriate data 
about patients and patient interactions in the EHR, such as written prescriptions, given vaccinations, conducted 
examinations, and laboratory results. 
 
Paper 1: Affordances in Information Systems: 
Theory Development and Recommendations for Future Research 
 
75 
 
4.8  The Expected Net Value of Affordance Actualization 
Elements that may obstruct the use of a system are often considered in IS studies, such as 
impeded access to a system’s representations (Burton-Jones and Grange 2013), and the 
cognitive load produced for an individual from using an object (Chandler and Sweller 1991; 
Gemino and Wand 2003). 
In affordances research, prior research states that the actualization of an affordance is 
influenced by the degree of effort the user of an object expects to have to invest. For instance, 
McGrenere and Ho (2000) found that affordance actualization is not binary (i.e., possible or 
impossible), but instead a continuum with different degrees of difficulty. Similarly, Warren 
(1984) stated that affordances are positioned in a space framed by a critical point below which 
the actualization of an affordance is not possible anymore, and an optimal point which marks 
the least amount of effort for actualizing an affordance. This latter point also represents the 
most efficient affordance fit between user and object. Strong et al. (2014) found that system 
users may encounter obstacles, experience missteps, and encounter difficulties in actualizing 
an affordance when using that system. 
It becomes apparent that the existing literature often considers some conceptualization of 
expected effort in the process of affordance actualization (i.e., how hard would it be to actualize 
an affordance?). We seek to extend this one-sided view by also including the value that the 
actualization of an affordance is expected to bring about, in the eyes of the user (i.e., what would 
I get out of actualizing an affordance?). We therefore argue that the actualization decision of 
any given perceived affordance is a function moderated by the individual’s assessment of the 
expected (and not necessarily factual) net value of affordance actualization (i.e., a costs vs. 
benefits analysis, Seddon 1997; Strong et al. 2014). 
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IS example: 
Consider again the example of an electronic health record (EHR) and the affordance of “capturing and archiving 
digital data about patients” that emerges for a physician that uses the EHR. Let us further assume that the use of 
the EHR is voluntary. The physician considers the benefits of actualizing said affordance, such as improvements 
in patient care and avoiding legal liabilities. However, the physician is also aware of the effort involved in 
actualizing the affordance, such as the time taken for data entry and setting up dates for examinations; or dealing 
with non-user friendly system complexities, such as unintuitive drop-down lists and rigid forms for structured data 
entry. Based on these considerations of effort and benefits, the physician may decide for or against actualizing the 
“capturing and archiving digital data about patients” affordance. 
4.9  Impacts 
The actualization of an affordance leads to certain consequences (Stoffregen 2000). For 
example, the actualization of the of “capturing and archiving digital data about patients” 
affordance that emerges for the user of an EHR leads to patient data that is stored in the EHR 
and available for future digital access by other physicians (Strong et al. 2014). We conceptualize 
these consequences as impacts. Impacts describe the value-neutral use effects of an object by 
its user (Seddon 1997). Impacts  are either a) planned or intended by the individual, or b) 
potentially also by the creator of an artifact, or finally c) even unintended or unanticipated 
(Markus and Silver 2008). 
The experience of impacts leads the individual to (consciously or unconsciously) evaluate 
the previous affordance actualization and the outcomes resulting from that actualization, and 
compare the actual outcomes to the expected net value of affordance actualization. Based on 
the assumption of teleology and critical realism, and in line with the view of control theory 
(Campion and Lord 1982), goal setting theory (Locke and Latham 1990), and feedback 
intervention theory (Kluger and DeNisi 1996), goal-directed actors engage in an ongoing 
process of setting goals and monitoring the discrepancies between these goals and the 
experienced impacts as consequences of their behavior, that is, of the actualization of an 
affordance (Donovan and Hafsteinsson 2006). Based on these goal-impact-discrepancies, two 
options of feedback follow from the actualization of an affordance and the evaluation of the 
observed impact by the object’s user. 
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In option one, the impact of affordance actualization is seen as satisfactory by the user as 
his/her goals were achieved. No different courses of action are required. However, research 
from the area of work motivation suggests that in this case, the user may set higher goals 
(Williams et al. 2000). Furthermore, in the future, the user may still decide to actualize a 
different affordance when using the object (Jung and Lyytinen 2014). 
In option two, the impact is worse than expected as the user’s goals were not (or not fully) 
achieved. This may lead to the actualization of a different affordance in the future – given that 
the user perceives more than one affordance. If there are no other perceived affordances, a 
change process with three possible elements (object, user, goals) is initiated. 
First, the object may be altered if it does not offer a desired affordance for the user. These 
(minor to complex) changes may affect the object’s properties so that they now do contain 
causal potential for an affordance to emerge (Leonardi 2011b). This flexibility is central to IS 
artifacts, which have been described as inherently malleable (Brooks Jr 1995). Changes to IS 
artifacts can be achieved in various ways, for example, through “fitting, augmenting, and 
working around” (Gasser 1986). 
Second, the user’s characteristics may change. Self-modifying individual adaption 
behaviors (Barki et al. 2007; Beaudry and Pinsonneault 2005) relate especially to the 
capabilities of the individual, which increase through the acquisition of knowledge about the IS 
artifact, the domain, or the affordance itself – that is, learning (Burton-Jones and Grange 2013; 
Hutchby 2001; Strong et al. 2014). 
Third, the user’s goals may be revised downwards. This is achieved by lowering the 
expectations of impacts to match the experienced impacts from affordance actualization 
(Campion and Lord 1982; Williams et al. 2000). 
Paper 1: Affordances in Information Systems: 
Theory Development and Recommendations for Future Research 
 
78 
 
It is also possible that change occurs that was not purposefully initiated by the object’s 
user. Product designers or managers may change or even replace objects with the intention of 
increasing the effectiveness of their employees; however, without a full understanding of 
related affordances, unintended consequences can occur. This could entail the disappearance of 
existing affordances or the obstruction of affordance actualization (Fayard and Weeks 2007), 
but also the emergence of new affordances (Chemero 2003). 
4.10 Theory Summary 
We have presented and discussed the fundamental and distinct concepts of affordance 
emergence, perception and actualization as key elements of affordances theory for IS research. 
We also discussed the three relational concepts functional affordances, symbolic expressions, 
and external information. Furthermore, we have shown the influence of the expected net value 
of affordance actualization and the overall role of the context that specifies situational details. 
In our prior review of affordances literature, we showed the limited or misinterpreted uptake of 
these important concepts in existing IS research. To address this gap, we propose a new 
framework to support IS researchers to use the affordances theory more fully and effectively. 
To summarize, affordances emerge in the relation of an object and its user, and available 
information about affordances from the object or from external sources, in relation to the user 
and his/her abilities and goals, lead to affordance perception. Affordance actualization then is 
determined by perception and further influenced by the net value that a user expects from 
actualizing an affordance. The consequences of affordance actualization may lead to changes 
to the object and/or changes in the object’s user, and therefore to affordances as the relation 
between the user and the object. Table 3 summarizes the key elements of our framework. 
We note that our framework is set at a general rather than accurate level (Weick and 
Kiesler 1979). Whilst this level ensures fertility of the framework to generate multiple specific 
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research models, say for specific technological objects or specific use contexts, it also means 
our framework lacks precision about details of operationalization and measurement.  
Whilst it is not our intention to discuss in detail the operationalization of our framework, 
to provide a starting point we offer some brief suggestions in Table 3 about how the elements 
in our framework could be assessed in empirical research. 
Table 3. Research Model Constructs and Definitions. 
Construct Definition Dimension(s) 
Possible 
assessment 
Example measures 
Relevant 
literature 
Object 
An object used by an 
individual in a goal-
directed activity. 
Object properties 
that, in relation to 
the object’s user, 
may lead to the 
emergence of 
affordances 
Object properties 
(Markus and 
Silver 2008) 
Material; 
arrangement; 
appearance 
Markus, 
Silver (2008) 
User 
An individual that 
uses an object to 
perform a goal-
directed activity. 
 Goal 
 Ability 
 Learning / 
performance 
goal-orientation 
(Button et al. 
1996) 
 Typing ability 
(Doppelt et al. 
1968) 
 Computer 
experience 
(Heinssen et al. 
1987) 
 “I prefer to work 
on tasks that 
force me to learn 
new things.” 
 “I have had a job 
analyzing data 
on the 
computer.” 
Markus, 
Silver (2008) 
Functional 
Affordance 
The possibility for a 
goal-oriented action 
that emerges for an 
individual in the use 
of an object. 
Object-user-
relationship for 
goal-oriented 
action 
The extent to 
which an artifact 
would support a 
certain activity 
(Grange and 
Benbasat 2010)  
“The shopping 
website supports 
me in finding out 
reliable 
information on 
products.” 
Gibson 
(1979); 
Markus, 
Silver (2008) 
Context 
The superordinate 
social and economic 
conditions that 
specify a given 
situation. 
 Space 
 Time 
 Habitus 
 Alternatives 
 Geography; 
architecture 
(Fayard and 
Weeks 2007) 
 Social 
designation of a 
space (Fayard 
and Weeks 
2014) 
 Resources 
(Fayard and 
Weeks 2007) 
 Proximity to 
meeting room; 
doors kept open. 
 “The office 
kitchen feels like 
a comfortable 
place for 
informal 
interaction.” 
Fayard, 
Weske 
(2007); 
Stoffregen 
(2004) 
Symbolic 
Expression 
The communicative 
possibility that 
emerges for an 
individual in relation 
to an object. 
Salience of 
symbolic 
expression 
The extent to 
which an artifact 
would guide use 
(Grange and 
Benbasat 2010) 
“The shopping 
website promotes 
fun and 
playfulness.” 
Markus, 
Silver (2008) 
Affordance 
Perception 
The perception of a 
possibility for goal-
oriented action 
afforded by an object 
for its user. 
 Correct 
perception 
 False perception 
Degree of 
affordance 
perception 
“I realized what 
the system would 
allow me to do.” 
Shaw et al. 
(1982) 
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External 
Information 
Information about 
affordance(s) for an 
individual from 
sources other than 
the object itself. 
 Correctness of 
external 
information 
 Salience of 
external 
information 
 Information 
quality (Wixom 
and Todd 2005) 
 Information 
format (Wixom 
and Todd 2005) 
 “In general, the 
system provided 
me with high-
quality 
information.” 
 “The information 
provided by the 
system was 
clearly presented 
on the screen.” 
Gaver (1991) 
Affordance 
Actualization 
The actions taken by 
an actor as he/she 
takes advantage of an 
affordance through 
the use of the 
technology to 
achieve a goal. 
 Actualization 
decision 
 Actualization 
process 
Individual level 
actualization and 
aggregation to 
multi-level 
actualization 
(Strong et al. 
2014) 
“Rates” and 
“ways” of 
actualization 
Strong et al. 
(2014) 
Expected Net 
Value of 
Affordance 
Actualization  
The difference of the 
expected benefits 
gained from 
actualizing an 
affordance and the 
difficulty to actualize 
it. 
 Expected benefits 
 Expected effort 
 
 Immediate 
concrete 
outcome (Strong 
et al. 2014) 
 Cognitive load 
(Cierniak et al. 
2009) 
 “What are the 
benefits of using 
the EHR?” 
 “How difficult 
was the use of 
the system for 
you?” 
McGrenere, 
Ho (2000) 
Impacts 
The value-neutral 
effects of the use of 
an object. 
 Impacts intended 
by the user 
 Impacts intended 
by the creator 
 Unintended 
impacts 
 Level 
 Timeframe 
 Duration 
 Individual vs. 
group 
 Immediate vs. 
long-term 
 One-off vs. 
continual 
Seddon 
(1997); 
Markus, 
Silver (2008) 
 
5. Recommendations for the Use of Affordance Theory in Future IS 
Research 
The review of the existing IS affordances literature and the development of our 
framework has highlighted that challenges exist in affordances research. We believe that they 
fall into the two main categories of conceptual and methodological challenges. Conceptual 
challenges are visualized as rectangles in the “Challenges” column in Figure 2, while 
methodological challenges are visualized as ovals. 
To address these challenges, we now offer five recommendations that we hope can 
support future research on affordances in IS. We organize our recommendations in two streams 
of work. The first stream will be concerned with applying our framework (recommendations 1, 
2 and 3). The second stream will be concerned with extending our framework 
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(recommendations 4 and 5). Figure 2 summarizes the challenges we identified and the 
recommendations we propose. We discuss each in the following. 
 
Figure 2. Challenges (oval: methodological challenge; rectangle: conceptual challenge) 
and Recommendations for Future IS Affordances Research. 
 
5.1  Recommendation 1 – Triangulation of Data 
Prior studies using the affordances lens have largely focused on qualitative research 
methods. This is a suitable method to closely examine the processes that we present in our 
framework, such as the emergence, perception, and actualization of affordances, as well as the 
development of affordances over time. However, the employed research method must also be 
capable of examining the misperception or lack of perception of affordances, which is not 
possible when relying solely on perceptual data as reported by informants. This objectivity 
aspect is essential when studying affordances, as this concept requires a holistic view of the 
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object-user relationship in the surrounding material environment (Robey et al. 2013). 
Therefore, in qualitative affordances studies, it is crucial to triangulate perceptual data (e.g., 
from interviews) with objective data (e.g., from observations of instances of object-user 
interactions and object analysis). 
Nonetheless, the issue of measuring human thought processes, views and beliefs remains. 
One promising means of achieving these important insights could be through non-intrusive 
neurological measurement techniques such as eye-tracking devices that examine areas of 
perceptual (and resulting cognitive) attention. Researchers should be mindful that observations 
of users in the workplace, however unobtrusive they may seem, are still artificial and intrusive 
situations in which the researcher may face a lack of trust and time (Myers and Newman 2007). 
5.2  Recommendation 2 – Use of Quantitative Research Designs 
Our framework suggests that the material properties of an object plus information about 
the existence of affordances will predict whether individuals with certain characteristics are 
able to (a) perceive and subsequently (b) actualize affordances that emerged between the 
individual and the object. To examine this logic, a research design must be chosen that allows 
manipulation and control, such as the experiment method. However, while experiments allow 
researchers to control for influencing factors besides the treatment, they are designed as an 
artificial situation. This raises questions about the generalizability of the findings. 
5.3  Recommendation 3 – The Object(s) in Use 
It is furthermore important to limit the scope of a study to a limited number of objects as 
technological artifacts. A cross-sectional survey that queries the use of a large number of objects 
by various individuals from different backgrounds will most likely not yield meaningful 
insights into the relationship between a certain user and a certain object, as both possible users 
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and possible objects are simply too diverse. Qualitative case study research can achieve this 
limitation of scope of study to one or a few objects only to some degree. Instead of interfering 
through precise manipulation and control, this method allows a focus on a certain technology 
and examinations of the use of that technology in-situ (Dennis and Valacich 2001; Kerlinger 
1986). However, this is possible in an experimental setting, where participants may be provided 
with one single object, or a limited range of objects, and the individuals’ interactions with that 
particular object are studied in a controlled way (Campbell and Stanley 1963).  
5.4  Recommendation 4 – Consideration of the Context 
Affordances measurement instrument design remains an important challenge (Markus 
and Silver 2008; Robey et al. 2013; Seidel et al. 2013). To be able to measure what affordances 
users perceive and actualize in a reliable and valid manner, researchers must consider the 
specific domain in which their study is set (e.g., Grange and Benbasat 2010). This in turn allows 
for the conceptual analysis of the IS use context required to understand the sociotechnical 
conditions of affordance emergence (Seidel et al. 2013). A holistic and realistic work setting is 
required that can trigger a range of perceptions and actualizations of action-possibilities by 
specific users in a specific context (Faraj and Azad 2012; Fayard and Weeks 2014). Users 
should be sampled from the relevant population according to key user characteristics. Prior 
research of the domain of interest will give insights into what user characteristics may play a 
role for a specific application of affordances theory. 
5.5  Recommendation 5 – Multi-Level Affordances 
In the ecological psychology literature, affordances typically emerge at the individual 
level (i.e., one object allows one individual user to perform one certain action). However, 
affordances will typically be subject to influences by other objects, other actors, and other 
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affordances (Bloomfield et al. 2010). Thus, multi-level affordances should be considered. They 
can be conceptualized in different ways. 
For instance, considering multiple actors and group-level affordances, Leonardi (2013) 
found that shared affordances emerge if different group members use the same subset of 
features of a system. Similarly, but considering the specific arrangement of multiple objects, 
Fayard and Weeks (2007) describe how a photocopier in combination with its physical location 
but also influenced by social conventions, allows the emergence of a social affordance that 
shapes informal interactions between employees at the workplace. 
Considering multiple affordances from the same object, Ye et al. (2009) found that the 
perception of one affordance can actually decrease the likelihood of identifying a second 
existing affordance from that same object.  
Focusing on affordance actualization, Strong et al. (2014) found that different degrees of 
dependencies exist between bundles of affordances, in that the actualization of one affordance 
is only possible if a preceding affordance has been actualized; or the actualization of one 
affordance is easier if a preceding affordance has been actualized. 
Considering multiple affordances from different objects, Michael (2000) describes 
“cascades” of affordances – that is, how one affordance can lead to another and to yet another 
affordance: “socks afford the easier wearing of boots which afford the attachment of crampons 
which afford the climbing of snow-covered slopes” (Michael 2000, p. 112). 
Additional but as of today untested views are also possible. For instance, affordances may 
be competing when they allow mutually exclusive activities, and therefore cannot be combined 
with each other, that lead to the same outcome. A simple example for this is the comparison of 
stairs and elevators – both objects afford the possibility for a person to reach a higher level; 
however this affordance cannot be actualized using both objects simultaneously. Other views 
Paper 1: Affordances in Information Systems: 
Theory Development and Recommendations for Future Research 
 
85 
 
are outlined in Table 4. While we believe that valuable contributions have been made in the 
study of multi-level affordances, this nonetheless represents a promising field for future 
research. For example, we still do not understand how an individual user may use multiple 
objects in combination to achieve a certain goal; or how the decision process of a user works 
that has the choice of using one out of several alternative objects. 
Table 4. Individual- and Multi-level Affordances Conceptualizations. 
Individual 
level 
# 
User(s) 
# 
Object(s) 
# 
Affordance(s) 
Example 
analyses 
Example studies 
One One One 
Traditional 
affordance 
Gibson (1979) 
One One None 
False 
affordance 
Gaver (1991) 
Multi-level 
Many One One 
Shared 
affordance 
Leonardi (2013) 
One Many One Not applicable 
No studies 
available 
One One Many 
Nested 
affordances 
Ye (2009) 
Many Many One 
Social 
affordance 
Fayard, Weeks 
(2007) 
One Many Many Not applicable 
No studies 
available 
Many One Many 
Bundles of 
affordances 
Strong et al. (2014) 
Many Many Many Imbrication 
Leonardi (2011b); 
Jung, Lyytinen 
(2014) 
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6. Limitations 
Our work has five main limitations. First, while we attempt to show at a general level that 
the affordances concept offers a suitable and useful lens to examine how individuals use objects 
for work tasks, the generality of our framework at the same time restricts the possibility of 
developing specific research models. For example, potentially relevant variables outside of the 
concept of affordances that may be relevant to a specific scenario are not included in our 
framework. Certainly, other theoretical lenses could offer complementing, expanding, or 
contrasting views on the topic of the use of IS artifacts. Furthermore, affordances theory is not 
without criticism. It has been pointed out, for example, that Gibson’s original work cannot 
without problems be extended from animals and their interaction with their environment to 
human’s technology use (Kaptelinin and Nardi 2012) – which is what we attempted to achieve 
in this paper. 
Second, even though we deem our choice of applying affordances to the field of IS 
suitable, the level of our conceptualization does not account for specific properties of different 
classes of IT artifacts (e.g., individual office applications such as word processors, large-scale 
application software packages such as ERP systems, and collaborative systems such as 
enterprise social media tools). We see this as an opportunity to examine some of our proposed 
concepts in more detail, for instance, by developing typologies of properties with causal 
potential for different classes of IT artifacts. 
Third, within the lens that affordance theory provides, we recognize that our 
conceptualization of especially the individual user may be overly restrictive. As we note above, 
we explicitly recognize goal-orientation and abilities as important variables that relate to 
affordance perception and actualization. We are mindful, however, that the perception of 
affordances will occur within a context of usage that may be influenced by further personal or 
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socio-historic factors. Clearly, more research is required to delineate the context in which 
affordances emerge. We set out to provide a basis for such investigations that is grounded in 
prior research and we hope this platform stimulates expansive further investigations. 
Fourth, the scope of our proposed theoretical model is on individual-level affordances. 
This allows us to avoid additional complexities of multi-level considerations. Possible avenues 
for future research are therefore extensions to the scope of our model to other single levels such 
as the group level (e.g., Leonardi 2013), or to multiple levels such as the individual and the 
group level; or the individual and the organizational level (Burton-Jones and Gallivan 2007). 
We have addressed this particular point in more detail in Section 5.5. 
Fifth, our literature review extends only to papers from the top IS journals. Thus, we can 
by no means offer a comprehensive picture of affordance research. However, we believe that 
we can mitigate this limitation by giving an overview of the history of affordances theory in IS 
and beyond. 
Our view is that these limitations, coupled with the examination of the literature, point 
out that affordances theory still shows unfulfilled promise rather than validated premise as a 
lens in IS research. We are hopeful that our framework adds meaningful structure and 
inspirational propositions that can guide further empirical as well as theoretical advance in this 
line of inquiry. 
7. Conclusion 
In this paper, we have developed a theoretical framework to guide the use and 
development of affordances theory in IS. This framework adds in particular to the 
understanding of the emergence, perception, actualization, and longitudinal developments of 
affordances. We also highlight important challenges that the theory of affordances faces and 
offer solutions to allow the further advancement of our understanding of affordances. 
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A Longitudinal Case Study on the Design and Use of Process Models 
from an Affordances Perspective 
 
 
Abstract 
Process modeling is a key part of system development projects and consumes significant 
investments. However, how exactly models are designed in such projects, how the designed 
models are used, and how effective the use of models may be remains unclear. To shed light on 
this, we study two phases of process modeling that have not been combined previously – the 
design and the use of process models. We examine this using a longitudinal case study of a 
large system development project in which models were both designed and used. We draw on 
ecological psychology to suggest that process models can be designed for affordances to guide 
the future actions of model users. Specifically, we identify affordances for assessing the impact 
of process redesign options, ensuring compliant employee behavior, empowering employees in 
their individual decision-making, and spanning boundaries within the organization. During 
model use, we then examine the contextual conditions under which these affordances emerge, 
are perceived and actualized – or not. The analysis of our data helps explain why intended 
affordances are not always actualized, and observed behaviors were not always intended. 
Moreover, our findings show why a joint investigation of both design and use leads to a much 
more complete understanding of how and why models have effects in organizations than an 
investigation of either phase alone.  Overall, our work contributes to a better understanding of 
how organizations can increase their value from process modeling by using an affordances 
lens. We also offer implications for further research on the design and use of process models.  
 
Keywords: Process modeling, Model use, System development, Affordances, Case study 
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1. Introduction 
Process modeling is a key activity in the analysis and design of information systems 
(Aguilar-Savén 2004; George et al. 2006). It is often used during systems planning and selection 
(Earl 1993), process redesign (Kock et al. 2009), and information requirements determination 
(Hickey and Davis 2004).Research on process modeling usually falls within one of two key 
areas: model interpretation and model design (Gemino and Wand 2004).  
The object of study for model interpretation research is the model as an artifact and as 
the product of design activities. Research in this vein usually examines how well end-users can 
interpret the model, that is, how understandable a process model is. As antecedents of 
understandability, prior work examined model factors (e.g., Reijers and Mendling 2011), user 
characteristics (e.g., Recker et al. 2014), or both (e.g., Mendling et al. 2012).Model design 
instead focuses on the “process of process modeling” (Dennis et al. 1999). The goal of this 
research stream is to derive guidelines that aid in the design of better models (Mendling et al. 
2010). Better in this context typically means less (esp. syntactical) errors (Becker et al. 2000) 
or, again, more understandable models (Overhage et al. 2012; Vanderfeesten et al. 2007). 
We argue for an extended perspective that considers what users set out to achieve with 
the domain understanding that they obtain from process models, how they take actions and 
perform tasks that involve process models. We call this perspective model use.  
Even though process models are argued to improve the model user’s knowledge and 
understanding of the represented process, and to increase the communication effectiveness of 
the team members involved in that process, there is very little research that examines whether 
and how these use benefits actually manifest (Indulska et al. 2009a; Indulska et al. 2009b). 
We will show that the process of using process models is far from simple and that 
understandability is not the final dependent variable to be optimized for model use. In fact, at 
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times, organizations may find it beneficial to sacrifice some level of process model correctness 
and understandability in the model design phase. We also show that, instead of a narrow focus 
on understandability, the intended use of a process model ought to be considered in the design 
of a model – that is, the behaviors that a model is supposed to enable for future users and the 
actions to which future users should be guided. This support and guidance is supposed to lead 
model users to successful action (Turvey 1992). 
To help us understand model design and use we turn to the concept of affordances from 
ecological psychology (Gibson 1979). Affordances have been described as action-possibilities 
that objects offer to their users, and objects can be purposefully designed to allow such action-
possibilities (Norman 1988). No research has yet examined what such action-possibilities are 
that designer intend in their process models. This leads to our first research question: 
How are intended affordances designed by process modelers? 
However, affordances from objects such as process models are not vested into properties 
designed into an object. Instead, they are relational and emerge at the interface between object 
and user (Stoffregen 2003b). Therefore, we need to examine whether and how intended 
affordances ascribed to process models are actualized by model users. We ask: 
How are intended affordances actualized by process model users? 
We attempt to provide answers to these questions using data collected from a longitudinal 
case study of a large system development project in the financial sector. 
We contribute to research by providing empirical insights into the actions and behaviors 
to be supported by individuals using process models in system analysis and design tasks and 
we contextualize the affordances concept to the process modeling domain. We identify process 
modeling affordances relevant to business practice and we describe their emergence, 
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perception, and actualization in detail. In doing so, we add to the understanding of affordances 
as a function of certain properties of objects (i.e., process models) and characteristics of 
individuals (i.e., process model users). 
We proceed as follows. The next section briefly discusses existing research on process 
modeling and on affordances in IS, with a focus on qualitative studies. Next, we discuss the 
design of our own case study in Section 3. The findings from that study are presented in Section 
4. Section 5 offers a discussion of these findings. The implications of the findings are presented 
in Section 6. Section 7 outlines the limitations that pertain to our results. We end with an outlook 
on future research (Section 8) and finally, concluding remarks (Section 9). 
2. Background 
In this section, we position our work against the background of existing research on 
process modeling, with a focus on research on model design and model use. After that, we 
introduce affordances as the theoretical lens used in our study, and briefly summarize key 
qualitative affordances studies. 
2.1  Process Modeling 
Process modeling captures information about the tasks, events, resources and other 
aspects of an organization’s business processes and depicts this information in a diagrammatic 
model (Curtis et al. 1992; Ould 1995). 
It has been argued that process modeling leads to a number of benefits for organizations 
(Indulska et al. 2009a). In particular, process modeling has been reportedly linked to increased 
domain understanding (e.g., Davies et al. 2006; Kalpic and Bernus 2002; Kesari et al. 2003), 
more frequent and better stakeholder communication (e.g., Dalberg et al. 2005; Danesh and 
Paper 2: A Longitudinal Case Study on the Design and Use of Process Models 
from an Affordances Perspective 
106 
 
Kock 2005; Kesari et al. 2003; Kueng and Kawalek 1997; Luebbe and Weske 2011), and more 
effective analysis and improvement of processes (e.g., Indulska et al. 2009a). 
Much research on process modeling has been design-focused, that is, concerned with the 
question how to produce better process models. Research streams in this area include 
comparisons of different grammars (Recker et al. 2009), tool support for modeling (Dean et al. 
1994; Dennis et al. 1999; Rittgen 2010a; Scheer 2000; Tan et al. 2008), the understandability 
of models (Mendling et al. 2012; Reijers and Mendling 2011), and model design principles 
(Becker et al. 2000; Figl et al. 2013a; Mendling et al. 2010). The latter also includes aspects of 
the graphical representation of the process that are not formally part of the modeling grammar 
and that have no syntactical consequences, called secondary notation (Petre 2006). Examples 
of such aspects are the use of different modeling styles (Claes et al. 2015; Pinggera et al. 2013), 
different modeling symbol shapes (Recker 2013), different model layouts (Schrepfer et al. 
2009), or different colors (Reijers et al. 2011a). 
A second, smaller stream of research has examined how models are used. In the broader 
field of conceptual modeling, “use” has been studied from diverse perspectives, such as 
frequencies and characteristics of model use by practitioner (Davies et al. 2006), re-use of 
models (Irwin 2002), and issues with model use (Bendoly and Speier 2008). There is also some 
research related to the use of specific model types for specific tasks, such as data models for 
query development (Bowen et al. 2006), object-oriented models for requirements engineering 
(Dawson and Swatman 1999). Furthermore, in other IS research, “system use” is also 
considered as an important phenomenon (e.g., Barki et al. 2007; Burton-Jones and Grange 
2013; Burton-Jones and Straub 2006; Hartwick and Barki 1994). 
While there are studies that combine the design and use phases of some types of 
conceptual models (e.g., Dawson and Swatman 1999 for object-oriented models), ours is the 
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first study that combines the two separate foci of process model design and use. One potential 
reason for the absence of such studies could be the lack of appropriate theories that address both 
elements. Much of the research on model creation has drawn on theories of representation, such 
as ontology (Wand and Weber 1993; Wand and Weber 2002) or classification (Parsons 1996), 
among others. However, these theories are silent about action. By contrast, research on model 
use has been primarily relying on empirical investigations without much theoretical guidance 
(Wand and Weber 2002). 
One theory that combines a view on both the design and use of artifacts is the theory of 
affordances (Gibson 1979). Thus, we adopt an affordance lens to study how process models are 
designed and used to support certain activities of model users. We describe the core concepts 
of affordances theory in the following. 
2.2  Affordances 
Affordances are defined as possibilities for goal-oriented action that artifacts offer to 
specified user groups (Markus and Silver 2008). An important characteristic of affordances is 
that they are relational – they emerge during the interaction of an object and an individual who 
uses the object to achieve a goal (Turvey 1992). Thus, emergence depends on object properties 
of relevance for a certain task, the ability of the user to perceive and exploit those properties in 
the interaction with that object, and the user’s goals and motivation in that task (Stoffregen 
2003a). 
Affordances can be actualized if they are perceived. Perception is thus the means to action 
(Stoffregen et al. 1999) and depends on existing information, stemming from the object itself 
or from external sources that signal a certain purpose or action in relation to the object (Markus 
and Silver 2008; Shaw et al. 1982). Information that emanates from the object and influences 
the affordance perception of users has been termed symbolic expressions, which are defined as 
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the communicative possibilities that an object offers to specified user groups (Markus and 
Silver 2008). However, the existence of affordances does not determine action but only defines 
a set of possible actions for a user (Markus and Silver 2008). The actualization of an affordance 
as the realization of a possible action depends on how beneficial and how difficult the user 
expects this process to be (McGrenere and Ho 2000; Strong et al. 2014; Warren 1988). 
Table 1 describes and illustrates relevant elements of affordances theory and gives 
descriptions of key concepts in the context of process modeling. 
Concept 
Description in the Process Modeling 
Context 
Dimension(s) Key References 
Object The model used by an individual in 
a system analysis and design task. 
 Model properties that, 
in relation to the 
model user, may lead 
to the emergence of 
process modeling 
affordances 
Markus, Silver 
(2008) 
User  An individual that uses a model to 
perform a system analysis and 
design task. 
 Goal-orientation 
 User ability 
Markus, Silver 
(2008) 
Affordance 
Information 
Information about affordances for a 
model user in a system analysis and 
design task (from the model itself or 
from external sources). 
 Symbolic expression 
 External information 
Markus, Silver 
(2008); Gaver 
(1991) 
Perception  The perception of a possibility to 
perform a system analysis and 
design task afforded for an 
individual using a model. 
 Affordance perception Shaw et al. 
(1982) 
Use The decision process by a model 
user to perform a system analysis 
and design task and the actions 
taken by a model user as he/she 
takes advantage of an affordance. 
 Affordance 
actualization 
 Expected net value of 
affordance 
actualization 
Strong et al. 
(2014); 
McGrenere, Ho 
(2000); Fayard, 
Weske (2007) 
Table 1: Illustrations of Key Affordance Theory Concepts in Process Modeling. 
The role of communicative abilities of objects in relation to users and their perception by 
users points to the importance of the design process of IS artifacts (Norman 2002). Thus, we 
argue that detailed studies of process modeling should be designed in a way that allows for 
researchers to understand how: 
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(1) Action-possibilities emerge for the future user of the model; 
(2) These action-possibilities are perceived by the future user (or not);  
(3) These perceived action-possibilities are actualized by the model user (or not); and 
(4) The forward and backward linkages work between emergence, perception and 
actualization over time (or not). 
The examination of process modelling from this perspective (summarized in Figure 1) is 
not well understood, as of today. 
 
Figure 1: Process of Designing Models for Affordances for Guided Action. 
2.3  Affordances Case Study Research in Information Systems 
While we are the first to apply affordance theory to process modeling, there is already 
research in information systems on affordances. In studying the related work, we conducted a 
narrative literature review to build the foundation for our empirical study (Paré et al. 2015). 
Authors of existing affordances research in IS have stated that the theory naturally lends itself 
to qualitative means of examination (Michaels and Carello 1981), which is also the mode of 
inquiry in our study. Therefore, we consider exclusively qualitative affordances studies in our 
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search. To further scope our review, we reviewed only studies that were published in the eight 
leading IS journals as per the Senior Scholars' Basket of Journals (Association for Information 
Systems 2011). We used the keyword ‘affordances’ together with ‘IS’/ ‘IT’ / ‘technology’ to 
identify candidate papers. 
Initially, 93 results were returned from the search. After reviewing and analyzing abstract 
and body for relevance (i.e., is the study qualitative? Does it use primary data? Is an affordances 
lens used to conduct the study?), we retained six papers. In the following, we briefly present 
and describe the identified papers to give an overview of the current state of the field as 
represented in the top IS journals and to illustrate the appropriateness of the case study method 
to examine a range of IS phenomena using an affordance perspective. 
Leonardi (2011b) used an affordance lens in an empirical study. He found that IT can 
either constrain or afford employee goal achievement. Furthermore, depending on the 
imbrications of human and material agencies, employees change either work routines or 
technologies when they fail to achieve a goal. 
In their examination of a health IT system, Goh et al. (2011) found evidence for a co-
evolution of routines and technology. This means that the affordances of a new system change 
organizational routines and, at the same time, the new system is routinized – that is, it is adapted 
and refined to fit existing and new work patterns. 
The work of Seidel et al. (2013) is an example of an interpretive affordances case study. 
The authors study the socio-technical conditions that enable material properties of a system to 
create functional affordances for sustainable work practices. They identified four such 
affordances from the use of information systems. They also found that often these affordances 
emerged when users modified their task goals to environmental objectives, which in turn led to 
them re-interpreting system use. 
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Extending the affordances concept from the individual to the group level, Leonardi (2013) 
found that users of a system need to converge their use of a common set of system features to 
be able to actualize affordances that can be shared among that group of users. 
In their study of the use of email by knowledge workers, Jung and Lyytinen (2014) found 
that media choice is an adaptive, multi-dimensional process that is based on media features and 
voluntaristic rendering of users’ media perceptions. In this process, users explore their 
surroundings to establish affordances that allow goal achievement. 
The first study to provide insights into the process of organizational-level affordance 
actualization in IS is the work of Strong et al. (2014). Specifically, the authors examine IT-
associated organizational change using grounded theory methods. They found that research 
should address the IT artifact, the non-deterministic process of IT effects, the multi-level nature 
of IT-enabled change processes, and the intentionality of change agents. 
Our review highlights that the case study method allows researchers to study IS 
phenomena extensively, long-term and in-depth through an affordances lens. It also becomes 
apparent that little research has been concerned with designing for affordances; instead, the 
focus has been on post-design phases, such as the use of a technology or an IT artifact, implicitly 
assuming that researchers can focus on how artifacts are used without a concern for how they 
were originally designed. We, on the other hand, extend this perspective. We contribute to the 
understanding of how IT artifacts (in our case, process models) are designed for affordances – 
that is, designed to enable certain activities for future users of the artifacts, as well as used – 
that is, how the affordances are actualized by the users of the artifacts.  In fact, we show that a 
full understanding of affordance actualization requires an understanding of design as well.   
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In the following section, we outline the design of our own case study to examine both the 
creation and the use of process models from an affordances perspective as part of a systems 
development project. 
3. Research Method 
3.1  Research Design 
We decided to use the case study method (Walsham 2006). It allows researchers to study 
a phenomenon in a natural, real-life setting (Kirk and Miller 1986). Strengths of the case study 
method are the ability to include the wider context, its flexibility to deal with the behaviors of 
people in organizations, to study a phenomenon in-depth and from multiple perspectives as well 
as capture developments over time (Myers 1997). This was important to us as our research 
method must be capable of capturing the processes of affordance emergence, perception 
(including misperception and non-perception) and actualization, as well as longitudinal 
developments (Robey et al. 2013). 
3.2  Case Description 
We conducted our study with the insurance division of a large financial service provider 
in Australia. Members of the organization are regularly using process models for different work 
tasks. The total timeframe for our study was eleven months, from February to December 2014. 
During this time, we conducted regular visits at the workplace, attended meetings, conducted 
interviews and visited study participants on an ad-hoc basis. This allowed us to gain insights 
into longitudinal developments, such as people’s experiences during model design and model 
use, and modifications made to existing models and peoples’ use of them. The model design 
phase was studied from February to September 2014; the model use phase was studied from 
October to December 2014. Prior to this (November 2013 to February 2014), initial meetings 
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were held to find suitable objects of study in the case organization, and to assess the suitability 
and availability of employees to act as informants. Furthermore, this phase was used to establish 
professional relationships and build trust with the members of the case organization. 
The specific task setting under examination was the creation and use of process models 
within a large systems development project. The primary goal of the project was to integrate 
different lines of business and their variety of financial products into one single system to 
support the handling of insurance claims. This integration, alignment and standardization was 
deemed necessary by the senior management of the case organization after a period of organic 
and inorganic growth over recent years (i.e., mergers and acquisitions) that resulted in a plethora 
of different products, processes and systems (Figure 2). This post-merger system development 
and integration is a significant topic for IS research and practice (e.g., Hedman and Sarker 2015; 
Henningsson 2014; Jain and Ramesh 2015). 
 
Figure 2: Integration of eight claims handling systems (right) into a single system (left). 
A secondary goal of the project was to peruse the model creation phase to arrive at a clear 
and common future state description of claims handling-related business processes for the 
organization. To achieve this, the senior management provided high-level strategic guidance 
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about the company as a whole, and the insurance division in particular. Furthermore, the domain 
experts with their knowledge of the financial service sector were important sources of 
information for developing the future claims handling processes. 
The project involved employees from three departments from the insurance division – 
two business units for which the system was developed (i.e., the “clients”), and the IT 
department that developed the system (i.e., the “provider”). The employees held various 
positions (e.g., business analyst, domain expert, software developer), and belonged to different 
hierarchical levels (e.g., manager, assistant, team leader). 
3.3  Procedures 
Data collection proceeded in two main phases, model design and model use, which we 
will describe in the following. Both phases were partly overlapping, but the primary focus was 
on model design for phase 1 and model use for phase 2. 
Phase 1 – Model Design 
In the first phase, we followed the model design activities of a team of eight employees 
for approximately five months. The team had the task to capture the system requirements for 
the two lines of business, using process models as a means for specifying the requirements. It 
consisted of two business analysts and six domain experts from the involved business lines. The 
team was geographically dispersed across three locations (two offices in Australia and one in 
Asia). This had implications for data collection, which we discuss further in Section 3.4. 
There were three main types of model design sessions: workshops, modeling in pairs, and 
individual modeling. During a typical workshop, as many members of the model design team 
as were available participated in a group modeling session in the head office of the case 
organization. Team members from other locations joined via a video conferencing system. The 
team members assumed workshop roles such as facilitator, modeler, or domain expert, 
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according to their qualification and experience. Modeling in pairs was conducted for tasks 
which did not require the involvement of the entire model design team. Instead, one domain 
expert worked closely with one modeler. Individual modeling was conducted by individual 
modelers on their own for tasks that did not require input from any domain expert or other team 
member, such as minor layout changes or improving the readability of a model that was quickly 
sketched during a workshop session. 
Phase 2 – Model Use 
Building on the first phase, we followed two teams from the company’s IT department 
for three months. The teams used process models to contribute to different aspects of the system 
under development: one development team was concerned with the financial and reporting 
aspects of the system, while the other team worked on the system’s user interface (i.e., screen 
display). Both teams consisted of different roles and different numbers of people overall and 
for each role (development team one had 8, team two had 10 members), but every team had at 
least one business analyst, one software developer, one tester, and one domain expert. Both 
teams were geographically dispersed across the same three locations as the model design team.  
In our examination of model use, we differentiate between first- and second-order use. 
First-order use is the use of process models during system design (i.e., as input for developing 
parts of the system). This type of use was studied primarily by observing and interviewing 
analysts and developers in the development teams. Second-order use is the use of process 
models during system use (i.e., as a supporting document for operating the system). This type 
of use was studied primarily by observing and interviewing analysts and testers in the 
development teams. The system was still under development and therefore, there were no 
instances that involve the ‘live‘ system. However, where possible, parts of the system were 
made available to analysts and testers for examination and functionality testing. This testing 
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involved realistic use cases with real, but anonymized, customer data. Therefore, we used this 
testing environment as a proxy for second-order use. 
3.4  Data Collection 
Three means of data collection were used: semi-structured interviews, documents 
analysis and participant observations (during model design and model use activities). The data 
was collected and analyzed by the primary author. Data collection was influenced by the scope 
of the observed project. Key informants that were involved in process modeling activities were 
identified and contacted prior to the study. The geographical location influenced data collection 
– data was collected in the Australian head office only, while teams were spread out over three 
locations (two in Australia, including the head office, and one in Asia). However, the majority 
of the three team’s members were located in the head office of the case organization. 
Furthermore, due to an employee rotation program, every team member was present in the head 
office at several points in time during the data collection phase. 
In total, >200 pages of field notes and >30 hours of audio recordings were obtained from 
interviews, observations and document analysis. Table 2 gives an overview of the data that we 
obtained from the different sources. Each data collection approach is detailed in the following. 
Data Source Description 
Interviews 5 formal sessions (recorded); several informal sessions following 
observations (some recorded) 
Observations 35 sessions (some recorded) 
Documents  14 text documents (e.g., process model repository reports that 
include the entire collection of process models designed and used 
in the project) 
 4 PowerPoint files (e.g., project descriptions) 
 2 spreadsheets (e.g., resource plans) 
 136 emails (e.g., project administration) 
Table 2: Overview of Data Sources. 
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Semi-structured Interviews 
Interviews were conducted along an interview protocol, audio-recorded and transcribed. 
The transcripts were combined with field notes taken during, and memos taken after the 
interviews. The protocol to guide the interviews is available in Appendix A. It contained four 
main parts: 
(1) Demographics (e.g., informant’s current role in the organization, age); 
(2) Questions about process modeling experience and expertise (e.g., formal and informal 
modeling training, number of models created, number of models used); 
(3) Actions and behaviors that a model was intended to support for its future users (i.e., 
relating to study phase 1), or actions and behaviors that a model actually supported 
for its users (i.e., relating to study phase 2); and 
(4) Questions about model details that can be linked to such actions and behaviors (e.g., 
use of gateways, colors, annotations). 
Observations 
Observational data involves descriptions of the setting, involved people, and the process 
model as it developed (phase 1) and was being used (phase 2). Field notes taken during 
observations were complemented with audio-recordings. Capturing field notes was supported 
by the use of a protocol, which encompassed demographic, descriptive, and reflective elements 
(Creswell 2009). Table 3 shows our observational protocol and gives an example for each 
category of notes. Where applicable, interviews (usually informal, ad-hoc and unrecorded) were 
also conducted after each observation phase to immediately follow up on observations and 
clarify issues (per Leonardi 2007). 
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Note 
Category 
Description Example Observations 
Demographic
s 
Time, place  When: Friday,  28 March 2014; 1.30pm – 2.10pm 
 Where: Head office; open plan office area; workstation 
of business analyst 2 
 Who: Business analyst 2; domain expert 2 
Descriptions Details 
about the 
setting 
 Activity: Discussion about models; model design 
 Goal: Validate two process models with domain 
knowledge from expert 2; finalize models for circulation 
in the wider model design team 
 Approach: Pair modelling; business analyst 2 works on 
two already partly created process models with input 
from domain expert 2. Business analyst 2 operates the 
computer and the modeling tool. Domain expert 2 sits 
next to the modeler, consults the screen, and gives 
verbal input. 
Reflections Impressions, 
ideas and 
thoughts 
 Level 4 EPC process models  fairly detailed 
 Models show links to systems are involved in the two 
processes  large number and variety of systems 
 Process-related goals are to support future users in 
which system to choose for which task, and to complete 
the processes quickly  affordance-related goal 
 Process models are combined with business rules to 
guide the behaviors of future model users even more 
than the process model does individually  
combination of process model with other objects and the 
influence on affordances 
 A “reminder” (modeled as redundant information) is 
being built into the second model to provide decision-
support for future model users  object property with 
causal potential for an affordance 
Table 3: Observational Protocol and Example Observations. 
Document Analysis 
The analysis of the created process models was an unobtrusive, yet crucial source of 
information for this study. By examining the models as artifacts and outcomes of the modeling 
activities that was later used in a work task, it was possible to identify affordances and their 
emergence from model properties and user characteristics. Furthermore, this more objective 
way of collecting data is an important counterpart to the perceptual data gained from 
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interviewing informants. The retrospective accounts given by interviewees (e.g., statements by 
respondents relating to process model elements) were challenged with insights that were gained 
from analyzing the corresponding model. The process models were obtained in two ways. First, 
when a model was in different stages of design or use, we received an electronic or printed 
version of that model. Second, we received exports of the entire process model collection that 
contained all models related to the project. 
3.5  Data Analysis 
Our primary data were the interview recordings, supplemented by the observations and 
the process model artifacts. We analyzed the data using coding techniques associated with 
grounded theory methods (Corbin and Strauss 2008; Urquhart et al. 2010). Unlike grounded 
theory, however, we did have a general preconception of process modeling affordances when 
we initiated our study, which we used to focus our investigation and design our data collection 
instruments (e.g., the protocols to guide the interviews and observations). 
The researcher who conducted the interviews and observations also coded the data. The 
coding process was supported by a codebook (see Appendix B) and consisted of three main 
steps – open coding, axial coding, and selective coding. 
During open coding, interesting and recurring aspects of the design and use of process 
models led to the identification of themes and motivated their investigation. To support and 
extend existing themes, data was triangulated across different sources by reading interview 
transcripts, memos, and notes from observations. 
During axial coding, the main concepts of affordances theory (e.g., action-possibilities, 
object properties, user characteristics, or goals; see Table 6 in Appendix B) were used as 
dimensions of the emerging themes. For instance, the theme “Compliant Behavior”, which we 
later called “Ensuring Behavioral Compliance”, was related to process model properties that 
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clearly specify the actions of future users, such as particular task labels (e.g., “Check 
confirmation of settlement acceptance”) or gateways (e.g., three parallelized tasks after an AND 
split that all need to be completed before proceeding). Through this process, relevant process 
model properties for influencing user behaviors towards compliance were identified and linked 
to properties of users and object, as stipulated by affordance theory. 
During selective coding, the emerging themes were consolidated into distinct theoretical 
patterns through constant comparison with the data and the existing affordances literature. 
These patterns – that is, the activities and behaviors that the process models under development 
were intended to enable in their future use (phase 1), and the activities and behaviors that the 
models actually enabled and supported (phase 2) – were recognized as affordances, as this 
concept offers a suitable vocabulary to describe action-possibilities from objects. Table 4 
summarizes how the core concepts from affordance theory were mapped to the data during the 
three steps of the coding process, and Figure 3 provides an example for how we executed the 
coding process. The example concerns the theme ‘empowerment’ – that is, how process models 
were designed to empower future model users. 
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Concept Open Coding Axial Coding Selective Coding 
Object  Reading exports and 
reports from the 
process model 
collection related to 
the system 
development project 
 Initial identification 
of similarities 
between process 
models based on 
model properties 
 Detailed analysis of 
process models based 
on how they were 
designed to potentially 
allow action-
possibilities, and how 
their properties 
influenced model use 
 Constant comparison of 
process models along 
their properties (i.e., 
how does the design 
and use of a model 
differ that has similar 
properties?) 
 Comparison of process 
models to other models 
that were designed for 
the same affordance  
User   Becoming familiar 
with the project 
team, the team 
member’s roles, 
responsibilities, 
strength and abilities, 
working styles and 
other factors 
 Detailed analysis of 
user characteristics, in 
particular the goal(s) 
that the user pursues 
and the abilities of the 
user that are of 
relevance for the 
specific task at hand 
 Constant comparison of 
user characteristics (i.e., 
how do model users 
with similar 
characteristics perceive 
and actualize an 
affordance?) 
Affordance 
Information 
and 
Perception 
 Initial identification 
of potential sources 
of affordance-related 
information (i.e., 
process models, 
external text 
documents, and other 
sources) 
 Detailed analysis of 
affordance information 
sources based on 
interviews, 
observations, and 
document analysis, in 
particular the process 
models and additional 
external sources  
 Constant comparison of 
affordance information 
from similar sources 
(e.g., from process 
models with similar 
properties) 
 Comparison of 
information sources 
related to the same 
affordance 
Use  Initial identification 
of similarities and 
other patterns in the 
use of process 
models 
 Detailed analysis of 
model use instances, 
in particular relating to 
decision processes that 
lead to the 
actualization of an 
affordance and the 
specific circumstances 
in which the model 
was used 
 Constant comparison of 
similar model use 
instances, such as the 
use of the same model 
(or of a model with 
similar properties), or 
by the same individual 
(or a user with similar 
characteristics) using a 
different model 
Table 4: Illustrations of Data Analysis relating to Affordances Theory Concepts. 
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Figure 3: Coding Process and Illustration (grey shading for illustrations). 
4. Findings 
In reporting the findings from our data analysis, we proceed alongside four process 
modelling affordances we identified in the case – Assessing the impact of process redesign 
options, ensuring compliant employee behavior, empowering employee decision-making, and 
spanning organizational boundaries. These affordances have been named as a gerund associated 
with the actions they allow (Strong et al. 2014). However, the practice of merely listing 
affordances and constraints has been previously criticized (Bloomfield et al. 2010). Instead, 
researchers are encouraged to go beyond this practice and describe the specific circumstances 
of the situations in which an affordance emerged, was perceived, and actualized by the user of 
an object (Strong et al. 2014).  
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Thus, the remainder of this section is structured as follows. Within the sections for each 
of the four affordances, first, we give a description in terms of the function and relevance of the 
affordance for the case organization. Second, focusing on the object-component of affordances, 
the design of process models is discussed; in particular in how their design led to the emergence 
of the identified affordances in the case we studied. Third, we discuss the use of process models, 
including the specific contexts in which the models were used, with a focus on the 
characteristics of the model user, and how model use either involved affordance actualization 
or not. We provide illustrations of the objects as designed and used by showing extracts from 
process models.1 
4.1  Affordance I: Assessing Process Redesign Impact  
Description of Affordance I 
The affordance “Assessing Process Redesign Impact” refers to the ability of the members 
of the case organization to trace, simulate and assess the impact of process redesign alternatives 
based on the representation of processes in the form of models. This information available to 
the first- and second-order model users in the system development teams increased their domain 
understanding and contributed to the overall transparency of the project. Based on this, the 
affordance allows the members of the organization to better understand the impact and nature 
of changes that emanate from the redesign of a particular process. 
Process redesign activities were a constant part of the system development project, as two 
lines of business and a range of different products were meant to be supported by the final 
system. The case organization furthermore plans to increase the number of departments that 
will use the developed system in the future. In doing so, the organization aims to achieve even 
                                                 
1 Note that the process models and model extracts have been modified to ensure confidentiality. 
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higher levels of standardization (“we want to roll this out for the entire insurance division”). 
This means that a claims handling system had to be developed that caters to the needs of various 
stakeholders, such as members of different lines of business (“we want process design to drive 
system design”; “don’t worry about the system, worry about the process”). 
However, at times this was not possible. At several points throughout the project, staff 
encountered constraints in developing such a flexible system. The system itself was inherently 
malleable (Brooks Jr 1995) and thus, in principle, could be altered to include system features 
that were desired by members of the organization – such as flexibility for diverse future system 
users. However, due to resource constraints, certain features were possible, but not feasible to 
implement (“sure we can do this, but the business won’t want to pay for it”). As a reaction to 
this, the organization instead decided that it would be better to change the process to cater to 
the needs of the system (“This is not a system map. This part of the system has been built and 
can’t be changed. It’s a chicken and egg problem”). 
Some of these constraints originated from a degree of uncertainty and disagreement about 
future state processes and thus, system requirements from the client’s side (“the business 
doesn’t always know what it wants”). This in turn makes it difficult for IT to deliver the best 
solution, and to build a system that supports desirable behaviors. 
A central goal of the model design phase was to achieve transparency of dependencies. 
This refers to three main types of dependencies: First, with other areas of the business and their 
processes, second, with the existing IT landscape, and third, with other currently ongoing 
projects in the organization that were affected by potential changes to existing processes (”It's 
the process that changes. And if you're not up to date with that then that's where you can fall 
behind.”). 
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The following short example illustrates the importance of identifying these dependencies. 
The business wanted a certain feature included in the claims handling system and 
communicated their requirements to the IT department. The development of that particular 
feature took the developers a few days of work (i.e., first-order model use), after which the 
solution was delivered to the business. The business requirements did not include dependencies, 
and the new feature had an unforeseen impact on other, existing features of the system. This 
became apparent during the testing activities of the solution (i.e., second-order model use). As 
a consequence, the feature had to be changed to take into account other parts of the system. 
These changes ‘exploded’ into roughly ten times the amount of work – and as a consequence, 
significantly higher development costs. 
Model Design for Affordance I 
Process models were designed for the “Assessing Process Redesign Impact” affordance 
in multiple ways. For instance, the model designer specified explicit handover points in the 
process model to highlight individual and departmental dependencies. The handover points 
showed involved actors such as individual employees, but also departments, and the 
coordination of work between them (“we have the potential of handovers in different roles”). 
Second, the handover points included in the models representations of sub-processes, to 
highlight dependencies with processes on other levels, such as interdependent lower-level sets 
of tasks. Third, specific change impact-related information was added into model element 
descriptions via the modeling tool – the model designer was aware of other processes, systems 
and projects that will be affected by a change to a particular task in the process. Therefore, the 
designer captured this information in the description of that task (“I want to show that if we 
make a decision in this point here [points at task in the process model], how does it impact this 
point and the changes there [points at subsequent task]?”). 
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The process model in Figure 4 illustrates the object-component of this affordance. The 
figure shows an extract of a process model drawn using the EPC modeling grammar (Scheer 
2000). The model designer had the goal to create transparency about system dependencies for 
future first- and second-order model users – the dependencies are relevant both for system 
design activities as well as later system use (“a variety of systems are involved. Some tasks 
could be worked using more than one system, but one certain system should be used for this 
part, not another”). In order to achieve this, the designer includes three different IT systems to 
be used in the execution of the process. The systems have blue box representations in the model, 
which are linked to three particular tasks in the process, indicating that the systems are to be 
used for these tasks. 
 
Figure 4: Illustration of the Process Model Properties that allow for the Emergence of the 
Affordance “Assessing Process Redesign Impact”. 
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Model Use for Affordance I 
The following example illustrates how the process model (discussed in the previous 
model design section) was used by a developer in support of a system design task (i.e., first-
order use). The developer sets out to design a part of the claims handling system’s user interface 
and consults the corresponding process model for this task. He uses an electronic version of the 
model at his workstation. The developer sees that the model includes five tasks; three of which 
have links to IT systems – the claims handling system under development, plus two additional 
systems (Y and Z). Based on this, and also leveraging his extensive knowledge of the involved 
systems and their dependencies, the developer realizes that any change to the process that 
involves these three tasks will have to be reflected in the systems, and vice versa. That is, the 
user perceives that his actions in working on the claims handling system will have an impact 
on the process, and that changes to the process would have an impact on the system. The 
developer then proceeds to create a field label in one specific screen of the claims handling 
system based on the information provided in the process model (i.e., the label of the task linked 
to the system modeling construct). A later change to the process that incurs a change in the task 
label from “Task A” to “Task F” in the process model also requires a change in the 
corresponding field label in the claims handling system. 
4.2 Affordance II: Ensuring Behavioral Compliance 
Description of Affordance II 
The insurance industry in which the case organization operates is highly regulated, by 
government agencies as well as representative bodies of the industry itself. This regulated 
environment calls for standardized, consistent actions across the case organization, compliant 
with laws and regulations (“Insurance is a promise”; “the regulations are very strict, and we 
can’t work without it.”). Adhering to regulations encompasses compliant behavior by 
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employees, but also being able to provide evidence for this compliance (“So, we’ve designed it 
so that it accommodates and ensures that we’re properly complying, and we could potentially, 
the outcome of that is a possible measurement to ensure that we can demonstrate that 
compliance.”) 
The case organization furthermore has the explicit (organizational-level) goal to exceed 
minimum legal requirements and as a consequence, achieve a superior customer experience 
(“we want to be even better than that”). In the pursuit of this goal, potential operational 
inefficiencies such as redundant activities by employees are deliberately accepted (“we are 
asking staff to review this twice”). Overall, the organization wants to ensure that employees 
behave in a desired way, as demanded by either external regulations or internal goals and 
procedures. This affordance primarily relates to second-order use – i.e., the use of the system 
to handle incoming insurance claims. However, also during model-supported system design 
(i.e., first-order use), this affordance plays a minor role, as the models in their different versions 
document system development progress and process redesign activities. 
Model Design for Affordance II 
The organization made a number of design decisions for process models to support the 
goal of compliant employee behavior of future system users (i.e., second-order use). Models 
are designed to provide guidance on how to perform work tasks in a way that is demanded by 
regulating bodies or organizational requirements (“In some cases we’re required to, there are 
exhaustive choices, and we’ve come up with that and we’ve said, ‘here’s your choice at this 
point.’ So where we have to comply with regulations”). 
For employees in general that use the process models as supporting document during 
system use in the future, but for novice employees in particular, the existing process models are 
meant to provide much-needed guidance for model-supported activities (“we are building 
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quality into the process”; “things could be forgotten”; “we implement this in the model as a 
safeguard”). Therefore, the process models were designed in a way that they allow a future 
system user that is handling an insurance claim, to perform every step of the process 
independently – however, supported by a process model as an additional source of information 
(“Yeah, this model is designed for one person.  If you took a call, and said, ‘I had to lodge a 
claim.’ And we gave you this map, and said, ‘okay’. You could work on the claim. That’s what 
this is designed for.”). In doing so, it is ensured that the employees handle claims at a 
consistently high level of quality, irrespective of the individual abilities and experiences of the 
person that is performing the process, or a certain task within the process (“this particular chain 
is designed with the intent to be for any one person, or many different people depending on 
what role, and different roles.”). 
Process models were designed in several ways to allow for this affordance. One way that 
the designers chose was the use of representations for sequential or parallel tasks in the process 
model. For instance, a process model with a number of tasks in sequence ensures that the person 
handling the claim performs the tasks in a certain order, according to a standard procedure for 
this process (“this sequence of steps drives procedure”). A process model with a number of 
tasks in parallel, on the other hand, gives the future user a certain degree of freedom in selecting 
the order of the tasks autonomously – however, it is still a requirement that all parallelized tasks 
have to be completed (“it doesn’t matter when this is done, or when this is done, but it all needs 
to be done, that’s a must”). 
Furthermore, all IT systems to be used for performing tasks within the process are 
explicated in the models to guide employees in the choice of the appropriate system and in the 
use of that system (“a variety of systems are involved. Some tasks could be worked using more 
than one system, but one certain system should be used for this part, not another”). 
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Model Use for Affordance II 
To describe how the use of process models relates to the affordance of “Ensuring 
Behavioral Compliance”, we describe two instances of employees from the system 
development team using a process model that depicts the process of lodging an insurance claim. 
This process is concerned with recording the request of a customer to receive payment from the 
insurance company based on the terms of the insurance policy. In the first instance, a developer 
uses the process model (first-order use), and this model use leads to the actualization of the 
affordance. In the second instance, a tester uses the process model (second-order use), but this 
use does not lead to affordance actualization – that is, the affordance remained un-actualized. 
The first employee (the developer) is assigned to create mandatory and optional fields in 
the claims handling system under development. For this job, she uses the process model as a 
supporting document. The nature of the tasks in the process, that is, whether a task is optional 
or mandatory, was depicted by the creators of the process model through the specific use of 
control flow logic and gateways. Single tasks in sequence or parallel tasks after an AND-split 
communicate to the developer that these are required system fields to be completed by the 
system user; while an OR-split communicates to her that optional fields follow. Our analysis of 
the model (validated by an analyst of the case organization) lead us to believe that the model is 
of high quality in terms of syntax and semantics, and the model shows the process steps in an 
appropriate level of abstraction to be useful for uses such as the one at hand. The developer is 
well-trained in reading and understanding process models and has several years of experience 
in working with models. She also has a positive attitude towards conceptual models, based on 
satisfactory model use in the past, and finds them generally helpful. For the given task, the 
developer proceeds to create the fields in the system in the specific order, and sets their 
properties as optional or mandatory – that is, fields that need to be filled before the future system 
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user can proceed, while other fields may remain blank and the system user is able to proceed 
without filling them. 
However, there are also issues with regards to standardization and compliance, as our 
second example illustrates. The second employee (the tester) is very highly skilled in handling 
insurance claims and has many years of experience in the insurance sector. He is also well-
versed in the use of IT systems, but has had only limited exposure to process models. The 
employee has the work task of testing the functionality of several claims lodgment screens that 
were previously developed and uses the same process model as above for support. In 
performing the task, the tester showed some frustration with the use of the system and also the 
corresponding process model. This frustration stemmed from the enforced procedures to ensure 
compliance. The tester mentioned ‘better’ (in particular, quicker) ways of performing the 
lodgment of an insurance claim, based on his rich knowledge of the domain, but found himself 
unable to do so. This was due to the fact that instead of affording an action for this particular 
user, the object instead constrained the actions of the user through this rigid approach.  
Further problems reported by employees could be potential conflicts in the setting of 
standards for compliance. For example, the best approach from a customer-oriented perspective 
would be to allow the handling and payout of every claim, even if that claim is unverified (i.e., 
the information provided by the party submitting the claim is not sufficient or does not match 
the policy details). On the other hand, unverified claims are associated with a fraud risk, as the 
person submitting the claim may not actually be a customer of the insurance provider. Handling 
such a claim could incur substantial costs for the insurance company, and paying out such 
claims invites insurance fraud. Thus, if the organization wants to minimize the costly handling 
and payout of fraudulent claims, all unverified claims would have to be rejected. We will come 
Paper 2: A Longitudinal Case Study on the Design and Use of Process Models 
from an Affordances Perspective 
132 
 
back to these conflicts and trade-offs in the discussion of the next affordance, “Empowering 
Employee Decision-Making”. 
Furthermore, compliance and standardization lead the organization at times to use 
technical, insurance-specific language in the labels of modeling constructs, such as tasks and 
events. While the used terms (e.g., “Repco”, “Indemnity”) are certainly correct, their use in 
interactions with other departments that make use of different terms, or in interactions with 
customers, has been shown to lead to confusion. 
4.3 Affordance III: Empowering Employee Decision-Making 
Description of Affordance III 
The affordance “Empowering Employee Decision-Making” is closely related to the 
previously discussed “Ensuring Behavioral Compliance” affordance. While the case 
organization had the explicit goal to align employee behavior to internal and external 
requirements, there is also the goal to empower employees, in particular experienced and skilled 
employees, to make their own decisions within the boundaries of laws and regulations (“We 
didn’t want to build a system that actually makes decisions.  We want to empower the people 
to actually have the ability to, and knowledge in place to think about that. Where they make 
those decisions and why they make decisions is something we want to outline on these maps. 
And, why is it important to make those decisions at that time.”). 
Model Design for Affordance III 
An example for how the designers created models for both the “Ensuring Behavioral 
Compliance” and the “Empowering Employee Decision-Making” affordance is provided in 
Figure 5. In this model, note how an OR gateway (grey diamond shape with white circle) is 
used before Task D. The gateway has one incoming and one outgoing arc, making it redundant. 
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This is syntactically incorrect. However, the model designers, taking the perspective of future 
model users, purposefully violated the syntax as they specifically wanted to communicate the 
importance of the optional character of Task D (“the claims officer needs to complete [Task B 
and C]. There’s no way around that. But [Task D] may not always be necessary. We don’t want 
to force the person handling the claim to do this task, if it is not necessary”). 
 
Figure 5. Illustration of the Process Model Properties that allow for the Emergence of the 
Affordances “Empowering Employee Decision-Making” and “Ensuring Behavioral 
Compliance”. 
Thus, the employee that is handling a claim (i.e., the second-order user) will be entrusted 
with the decision of whether or not Task D needs to be performed. This illustrates how an 
employee is empowered and stands in contrast to the obligatory nature of Task B and Task C. 
Here, the model designers used an AND gateway to signal that both Task B and Task C always 
need to be performed during the execution of the process; the process can only be continued if 
both tasks are completed. This illustrates how employee behavior is enforced in a standardized 
way. 
Model Use for Affordance III 
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We illustrate this affordance with the example of an employee from the system 
development team that tests a part of the claims assessment process – the system functionality 
relating to reviewing the circumstances of a claim. At one point in this process, the system user 
can either settle a claim with the claimant or to hire an investigator. Within the corresponding 
process model, a number of tasks relating to this choice are explicated. Two tasks, “Settle 
Claim” and “Engage Investigator”, follow an XOR gateway – meaning that there is a choice to 
proceed in only one of two ways for the person that is handling the claim. The default option in 
the process model is “Engage Investigator”. Thus, the use of a process model offers decision-
support for the claims handler by providing an overview of the possible steps and the default 
option, while leaving room for using individual expertise in liability and fraud risk assessment 
– the system user can draw on his rich experience in handling insurance claims to decide in 
what way to proceed. Similar to the previously discussed example of unverified claims, the 
system user makes a decision on whether to spend money on an investigator (whose report may 
lead to the rejection of a claim) or to settle (which leads to a payout of the claim). Due to the 
costs involved in the investigation of an insurance case, the latter option may ultimately be 
more cost-effective. The system user assesses the fraud risk, the probability of liability, and the 
provided information by the claimant before making a decision on how to proceed. 
Another example is the flexibility provided to the system user to react to specific client 
needs in terms of customer interaction. Similar to the “Ensuring Behavioral Compliance” 
affordance, the process models include information about customer interactions as required by 
industry regulations (e.g., a confirmation is sent to the client after a claim has been lodged). 
However, the person handling a claim may choose to contact a customer more frequently, if 
his/her experience tells him/her to do so (“this customer is stressed, so he gets more hand 
holding. A few more phone calls.”). 
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4.4 Affordance IV: Spanning Organizational Boundaries 
Description of Affordance IV 
Previous research showed that an organization’s success is influenced by its ability to 
span the boundaries of diverse settings, such as diverse employee backgrounds, separate 
functional departments, or different levels of hierarchy, which otherwise hinder effective 
collaboration (Levina and Vaast 2005). For this, organizations make use of boundary objects – 
artifacts with a flexible structure that makes them recognizable as well as useful across different 
settings, although they may have different uses and meanings in each local setting (Star 2010; 
Star and Griesemer 1989). 
In the case organization in general, and in the system development project in particular, 
several boundaries existed. The following boundaries were most noticeable in our analysis. 
First, the organization consists of many different employees, divisions and departments. 
Second, the project involved three departments – two lines of business and the organization’s 
central IT department. Third, the project teams were geographically dispersed – the employees 
were located in two offices in Australia and one office in Asia. Fourth, the employees belonged 
either to a model design team that had the task of designing process models, or to one of several 
development teams that had the task of developing different aspect of the claims handling 
system based on the process models. Fifth, the teams consisted of employees from different 
roles and backgrounds, such as analysts, developers, testers, and domain experts.  
The affordance of “Spanning Organizational Boundaries” relates to the use of process 
models as boundary objects that supported communication and coordination across these 
different organizational boundaries. 
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Model Design for Affordance IV 
Process models created and used in the system development project acted as boundary 
objects for the case organization, thereby allowing for a boundary spanning affordance to 
emerge for model users. For instance, process models specified the business requirements of 
the claims handling system to support the developing work of the IT department (“when we 
elaborate our requirements with our IT colleagues in developing this system, it all points back 
to this map. Without these maps we have no point of reference. So this is the core.”; “And in 
my experience, they would point out, ‘well no, you’ve got this in wrong place, you need to 
consider that happens before, precedes where you’ve got it here’.”). 
Furthermore, the models contributed to the creation of a common frame of reference for 
employees across the organization, irrespective of which business line or department they 
belong to (“We all come from different business lines, and remember we don’t necessarily know 
how, what’s best for each business, but we’re all trying to make one, so we all might not have 
the same understanding of why something applies.”; “We all tend to have jargon, insurance 
companies are rife with jargon and our understanding of what that may be different, and that 
can be a challenge too, but it helps to have a reference.”). 
One specific example of designing process models for boundary spanning was in the 
coordination of work between the employees in the system development project and the 
organization’s underwriting department. To facilitate this coordination, the model designers 
added supporting descriptions to tasks in the model depicting the process of assessing the 
liability for a claim – that is, whether or not the insurance company accepts to pay out a claim 
in case of loss or damage. Using the modeling tool, these descriptions were added to all model 
elements that involved information exchange with the underwriting department to point to the 
dependency of certain tasks with that department. For instance, the process model contained 
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tasks for which input from underwriting is required before the process can proceed (“the process 
waits until we hear back from them”). These additional descriptions attached to model elements 
also give specific guidance on contacting underwriting (e.g., who to contact, where that person 
is located, and how often contact should occur) and what to do during the wait times (e.g., 
proceed with a certain task such as “Assess whether an early intervention might be required” 
while waiting on the reply from an email to a contact in underwriting related to the task “Initial 
assessment of liability [of claim]”). 
Model Use for Affordance IV 
We continue with the previous example of work coordination and information exchange 
of the insurance department with the underwriting department as an illustration of how this 
affordance was actualized. 
The developer in charge of creating the system interface for the claims liability 
assessment process uses the corresponding process model, outlined in the previous section, for 
support. The model, used by the developer in an electronic version within the modeling tool, 
provides input for the developer during the programming work for this part of the claims 
handling system. The descriptions that the model design team provided as additional 
information to those tasks in the process model that involved the underwriting department 
helped the developer in two ways. 
First, as an issue surfaced during the system development task for which the developer 
expected that support from experts in the underwriting department could be beneficial, she 
immediately had the information of who to contact at her disposal (i.e., the information helped 
her during first-order model use). The developer was able to contact an expert within the 
underwriting department to gather information and resolve this issue within minutes. 
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Second, the developer implemented parts of the additional information provided by the 
process model to make it available for future system users (i.e., the information could support 
future system users in second-order use). This additional information would otherwise only be 
available in the electronic version of the process model within the modeling tool and would not 
be displayed in a printed version of the process model or in an electronic version exported from 
the model repository (e.g., as an image file). 
4.5 Findings Summary 
The four identified affordances, and how they relate to the key dimensions of affordance 
theory – goals, model user characteristics, and the properties of the process model in-use, are 
summarized in Table 5. 
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 Affordance Goal(s) Relevant Model User 
Characteristics 
Relevant Process 
Model Properties 
Assessing 
Process Redesign 
Impact 
 Achieving 
transparency about 
dependencies of 
one process with 
other processes, 
systems, projects, 
and business units. 
 Expertise in designing and 
reading process models 
 Knowledge about process, 
system and project 
dependencies 
 Expertise in using the 
modeling tool 
 Expertise in insurance 
domain, esp. claims 
handling 
 Handover points 
 Links to IT systems 
 Specification of sub-
processes 
 Textual descriptions 
linked to constructs 
in the model 
Ensuring 
Behavioral 
Compliance 
 Achieving 
compliance with 
internal and 
external rules and 
regulations. 
 Expertise in reading 
process models 
 Knowledge about insurance 
regulations and internal 
standards 
 Basic level of knowledge 
about insurance domain / 
claims handling 
 Perspective taking skills 
 Sequence of tasks 
 Parallelized tasks / 
AND gateway 
 Textual descriptions 
linked to constructs 
in the model 
Empowering 
Employee 
Decision-Making 
 Making use of the 
existing expertise 
of the employees to 
arrive at a high-
quality solution 
 Expertise in reading 
process models 
 High expertise in insurance 
domain, esp. claims 
handling 
 Perspective taking skills 
 OR gateway 
 Suggestive (but not 
enforcing) construct 
labels 
 Additional 
supporting 
information in textual 
descriptions linked to 
constructs in the 
model 
Spanning 
Organizational 
Boundaries 
 Increasing 
effectiveness of 
working across 
organizational 
boundaries 
 Expertise in designing and 
reading process models 
 Expertise in multiple areas 
of insurance domain and 
specific jargon 
 Knowledge of existing IT 
systems 
 Social skills / 
communicative abilities 
 Perspective taking skills 
 Textual descriptions 
linked to constructs 
in the model 
 Handover points 
Table 5: Overview of Identified Affordances and Key Affordances Concepts. 
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5 Why are some affordances not perceived or not actualized? 
We showed that process models can be designed for affordances, and that these 
affordances can enable certain actions and behaviors for model users in the later use-stage of 
process models. However, for several reasons, the potential is not always realized.  In the case 
study, we found evidence for issues relating to affordances that lead to non-perception and/or 
non-actualization. We categorize these issues as relating to technology, models, people, and 
affordances. 
5.1  Technological Factors 
In terms of technology, there were problems with the modeling tool that reflected on the 
process models. For example, there was an enforced size for the modeling constructs (e.g., tasks 
and events). At times, this led to the phenomena that some construct labels were too long to fit 
into the construct, resulting in the label being cut off. This, in turn, impeded the readability and 
understandability of the construct and of the process model as a whole, and thus limits the 
potential action-possibilities for the model user due to unclear or ambiguous labeling. A second 
tool-related problem was the integration with other systems. It was not impossible but at least 
inconvenient for developers to find, access, and consult the process models. Other software, 
such as word processors and spreadsheet applications, provided easier access and use for the 
development teams. 
5.2  Model Factors 
In terms of models, the developers from the IT department required a lot of details for the 
development of some system features. However, at times, the model design team provided the 
development team with process models at a level of abstraction that informed them of the high-
level activities, but not on every detail of that process. These models were on their own not 
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sufficient for some development purposes that required detailed information. Also problematic 
was the fact that some process models required for the development of certain system features 
were not yet available. Their design was still ongoing while the system development proceeded. 
Thus, no artifact could be consulted by the developers for work on these processes. 
5.3  Personal Factors 
In terms of people, two main points became apparent. We found that knowledge about 
dependencies (between processes, systems, or projects) was not always shared across teams and 
thus, not always captured in the process models. Also, the domain experts were important 
sources of information for developing the future processes and system features. The knowledge 
that is captured in the models is linked to the domain expert that was involved in the design of 
the model. That domain expert knows the process and the model well, and now “transports” 
that knowledge to the IT teams – that is, the domain expert spans the intraorganizational 
boundaries to support system development. However, the information they provide is subjective 
and thus, imperfect. We found that the domain experts (1) are not always right, (2) may be 
experts in one, maybe two, but never all lines of business and products, and (3) may disagree 
with one another about how to proceed in case of conflicts. 
We also found that individual differences play a role during model design and use. In 
prior research, designers or users of process models have often been treated as homogenous 
groups. Our results show that this is view is too simple, and that “process model designer” and 
“process model user” are rather high-level terms. In fact, model designers and users are often 
highly specialized and very different individuals that form multidisciplinary teams. We found 
that model designers and users differ within roles (e.g., analyst 1 is different from analyst 2), 
across roles (e.g., analyst 1 is different from developer 3), and aggregated, across teams (e.g., 
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team 1 consisting of analysts and developers differs from team 2, even though it also consists 
of analysts and developers). 
People also differed in their ability to read process models, in their knowledge of the 
insurance domain (specifically, in their knowledge of how to deal with unusual cases that not 
even domain experts encounter often), in their ability to assume the perspective of others (such 
as model designers taking the perspective of future users during model design; or employees 
from one line of business taking the perspective of another department), but also in their attitude 
towards the value of process modeling in general. Also, not all project members were aware 
that the process models were actually available to them – while some teams actively included 
process models in their group sessions, others did not. 
5.4  Affordances-related Factors 
We found that while many affordances emerge at the individual level (e.g., a process 
model allows an analyst to evaluate process redesign options), these affordances are subject to 
influences by other objects, such as other process models and IT systems (e.g., the modeling 
tool), other actors, such as other analysts or programmers, and other affordances. Interestingly, 
we found that relationships between affordances exist. For instance, the “Empowering 
Employee Decision-Making” affordance we identified is closely related, but to some degree in 
contrast to the “Ensuring Behavioral Compliance” affordance. Other relationships, such as 
complementing – that is, one affordance is more easily or more likely to be actualized when 
another affordance was previously actualized – are also possible, as prior research shows 
(Strong et al. 2014). 
We also found that some affordances have a dynamic character and can change over time. 
For instance, we found that the “Ensuring Behavioral Compliance” affordance changes from 
an affording to a constraining nature over time. We found that initially, the guidance provided 
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by this affordance for model users ensures desired outcomes (for instance, in terms of achieving 
quality of process execution). However, as the experience and ability of the user increases over 
time, this support turns into a restriction for that person. The employee has gained knowledge 
on how to better or quicker perform the process to achieve a high-quality outcome (such as 
customer satisfaction), but is nonetheless forced to adhere to certain rules, which may increase 
the processing time, and/or lead to frustration for the employee. 
The following Figure 6 summarizes the process from affordance emergence to perception 
and actualization, based on our findings. Highlighted in this figure are the determinants that 
influence each phase in the process, as well as possible (voluntary or involuntary) exit points 
from the process (grey shading). Inhibitors of the process are listed above the grey boxes; 
facilitating factors are listed below the white boxes. 
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Figure 6: Phase Model of Affordance Actualization. 
6. Implications 
6.1  For Theory 
Within process modeling research, our work is uniquely positioned across the two streams 
of model design and model use. The results of our case study provide insights into how process 
models are purposefully designed to allow for future actions and behaviors of first- and second-
order model users, how the actual use of process models supports such actions and behaviors – 
and also when and how it does not. We therefore contribute to the understanding of how process 
models are designed for affordances and how affordances are actualized during model use. An 
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isolated examination of one of the two phases (design; use) would not have allowed us to study 
exactly how and why certain behaviors occurred. Therefore, theoretical perspectives that 
involve the use of IT artifacts (such as process models, but also other types of artifacts), and 
that aim to study the underlying reasons of why the users of these artifacts behave in the way 
they do, should also consider the design process of these artifacts, and include the goals and 
intentions of the designers of these artifacts. 
6.2  For Practice 
Our findings have significant implications for process modeling practice. First, we show 
that, while prior research has shown that syntactical and semantical model correctness and the 
understandability of models are important aspects of effective process modeling, the focus 
should not only be on these quality aspects. In addition, researchers should consider the 
(intended and unintended) future use settings of process models, as the specific situation in 
which a process model is used by a certain user has an influence on the processes of affordance 
emergence, perception and actualization. 
Second, the results indicate that training of process modelers and model users should 
include, but not be limited to, knowledge about the core concepts of process modeling (e.g., 
Mendling et al. 2012), but additionally include the future use of the models, the requirements 
of future model users, and the views of other departments within the organization. 
Third, we show how the identified process modeling affordances emerge for model users 
based on certain characteristics on the one hand, such as their ability to interpret the model or 
their knowledge of the represented process, and on certain model properties on the other hand, 
such as used gateways and labels. 
Fourth, we show the key phases in the process of affordance actualization and their 
determinants. In doing so, we provide guidance to model designers, so that they can be more 
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effective in designing process models for affordances, and to model users, so that they can be 
more effective in actualizing process modeling affordances. 
7. Limitations 
Several limitations of our research are worth discussing. First, the case study as our 
employed research method does not allow to explicitly control or manipulate variables (Cavaye 
1996). However, our approach allowed us to study process modeling affordances in a rich 
natural setting (Benbasat et al. 1987) – that is, a system development project in practice – and 
to generate authentic and contextual accounts of the experiences of model designers and users 
(Schultze and Avital 2011). 
Second, the interview technique as an important data collection mechanism in our study 
can lead to several shortcomings (Myers and Newman 2007). It can be an artificial and intrusive 
situation which may influence interviewee answers. Also, the interviewer may face a lack of 
trust and time. However, due to our frequent site visits, long period of data collection at the 
case organization, and conducting all interview on-site, we believe that we have sufficiently 
mitigated this particular method limitation. Nonetheless, ambiguous language in the interview 
process can inhibit data gathering, and the generalizability of the findings is typically rather 
low. The opportunity to give interviewees a chance to ask question that may reduce ambiguity 
and resolve understandability issues has proven valuable during data collection. We correctly 
anticipated that most participants will be unfamiliar with affordances theory and therefore 
avoided theory-specific language, but used layman’s terms instead. We were able to follow up 
on interviewee responses, which was beneficial for our understanding of affordances as well as 
for linking process model properties to affordances. 
Third, observations at the workplace as a second important data collection mechanism in 
our study can also be perceived as intrusive by the participants. We mitigated this by building 
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trust with the members of the case organization. This was achieved by frequent visits to the 
case site (partly without any scheduled data collection) and informal conversations with study 
participants (e.g., during lunch or coffee breaks). Furthermore, we had the explicit support of 
the project manager and other leading personnel from the case organization. 
Fourth, our data collection and data analysis efforts were guided by the concepts of 
affordances theory. While we believe that this is a suitable lens to study process modeling 
affordances, this theoretical lens limits our perspective. Other theoretical lenses could be used 
to re-examine our data, or to conduct further studies on process model design and use. 
Fifth, during the course of our study, we were not able to observe every single affordance-
related model design and model use activity, as this would have required a complete coverage 
of every employee over the entire course of the project. Therefore, this study can only claim to 
be a subset of the model-related actions of employees. However, based on our measures in the 
design and execution of the study, we believe that we arrived at a representative sample. 
Nonetheless, it is possible that additional aspects of process modeling affordances remain 
unidentified. 
Sixth, some affordances we identified were not entirely actualized during the timespan of 
our data collection; in particular relating to second-order model use by system users. This does 
not necessarily mean that the design of models for these affordances has “failed”. Reasons for 
such non-actualization or partial actualization of affordances are discussed in Section 5. Further 
reasons could include a lack of perception of the affordances (e.g., due to additional signal cues 
that distract from the affordances), or an expectation of the model user that the actualization 
effort would be too high. The full examination of these affordances and the factors that 
influence their perception and actualization requires additional data collection efforts, such as 
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an extended timeframe for a longitudinal study that includes use of the developed system in the 
business, which we leave to future research. 
8. Future Research 
We see several opportunities of how researchers can build on our work. First, future 
research can replicate our method and approach to examine different phenomena. Examples of 
related phenomena are different projects (e.g., a process redesign project, Kock et al. 2009), the 
design and use of process models with different modeling grammars  (e.g., EPCs or UML 
Activity Diagrams, Dobing and Parsons 2006; Scheer 2000), other conceptual models (e.g., 
data models, Chen 1976), combinations of different conceptual models (e.g., process and data 
models, Green et al. 2011), other information artifacts (e.g., plans, maps, instructions, Kozma 
2003; Mayer and Gallini 1990; Thorndyke and Stasz 1980), or other types of IS artifacts (e.g., 
ERP or CRM systems). 
Second, researchers can make use of methodological and technological advances in 
measurement to study related phenomena. Tools such as eye tracking devices (Duchowski 
2007) offer the opportunity to obtain more objective measurements. For affordances research, 
the elements of an object that the user is studying intensely before or during task completion 
could be of relevance for processes such as affordance emergence, perception, and actualization 
(e.g., Jiang and Mark 1994; Konczak et al. 1992; Oudejans et al. 1996; Wagman and Malek 
2008). Furthermore, while subjective, the use of journals (Bolger et al. 2003; Ohly et al. 2010) 
to record object use instances has been found beneficial to capture immediate and deep 
attitudes, reactions, thoughts, and reflections of object users – rich data to draw on for 
affordances researchers. 
Third, certain affordances only emerge if a number of people use the same object 
(Leonardi 2013; Strong et al. 2014). This notion deserves further attention. For instance – which 
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affordances require multiple users? Do the processes of affordance emergence, perception and 
actualization differ for groups of users, as opposed to individual users? What are the 
implications for user characteristics? 
Fourth, our results show that at times, affordance perception is obstructed. Future studies 
could therefore examine potential sources of “noise”, and the role of “noise” in the perception 
process of affordances. This relates to stimuli from sources in a given situation that distract 
from the perception of a certain affordance and thus, make affordance perception less likely or 
even impossible. Also, the influence of user ability in situations of distraction warrants further 
investigation. For instance, it could be argued that higher user ability leads to lower negative 
influence of noise, and lower ability requires stronger stimuli (or, for instance, redundant stimuli 
that reinforce each other’s messages) to overcome distractions and allow affordance perception. 
9. Conclusion 
In our paper, we have combined the two phases of process model design and use. We 
assumed an affordances lens to study both phases. Through this, we identified four process 
modeling affordances, and gained rich insights into how these action-possibilities emerge based 
on certain user characteristics and object properties, how they are perceived, and actualized 
during model use. We conclude that examinations of process modeling initiatives should 
encompass both model design and model use activities, to better understand the 
interrelationship between these phases and to arrive at a comprehensive picture of the 
phenomenon of interest. 
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Appendix A 
Interview Protocol 
Model Designer / Model User (~10 min.) 
I. Tell us about yourself – what do you do, what is your function in your organisation? How long 
have you been in this role? 
a. Prior experiences with process models (in general)? E.g., # models read, # models 
created, # modelling grammars known, # modelling grammars used 
b. Expertise, formal / informal training in process model use / design? 
II. Can you name and briefly describe the key processes you are involved in? 
a. What is your part in that process? 
b. How complex is the process? (Involved people; number of tasks…) 
c. How often is it executed / performed? 
d. What is the (primary / secondary) goal of the process? 
e. Which of these is the most important process? 
Model Design / Use (~20 min.) 
III. When do you generally design / use process models? For what tasks? Motivation? 
IV. Context of process model design / use (for one specific task / instance) 
a. What was the task about? Details? 
b. What was your (primary / secondary) goal when designing / using the model? 
When performing the task? What did you want to achieve (motivation)? 
c. Location – where were you? 
d. Timeframe – when did you perform this task? When did you design / use this model? 
How long did it take? Was it fragmented or uninterrupted? By what? 
e. Alone or in a group / team? Who did you interact with? 
f. How often / intensive did you consult the model during the task? 
g. What properties of the model did you use most? Why? 
h. What properties of the model were most important for you in that task? 
i. Why was this particular model designed / used? Were there any properties which were 
particularly important in the selection / design? 
j. For what purpose was the process model originally designed? Has this changed over 
time? Who designed it? When? 
k. Were there features of the model you were aware of, but did not know how to use or 
capitalise on? Why? How did you realise this? 
l. Use of IT for support? Which tools? Which functions? 
m. How was the model access organized? 
n. Other external influences? Modelling handbook, modelling convention document, 
intranet, colleagues? 
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V. Actions and behaviours 
a. What action was the model intended to support? Can you describe the situation where 
you were doing this? How did you realise this was supported?  
b. Did the model support you in the task as expected (by you / by others)? 
c. Have you experienced any difficulties (e.g., something about the design / use of the 
model was not working properly) or any unexpected discoveries (e.g., the discovery of 
something about the design / use of the model that made your task easier) with the 
model while performing the task? Details? 
d. Was there something you were able to do using the model which you were not able to 
do without the model? How did you realise this? 
e. Was there something you were able to do before, but since using the model, you are 
able to do it better? How did you realise this? 
f. After realising that you can perform a certain action or behaviour when using a model, 
can you think of (any) factors that made it harder for you to perform them – or even 
hindered you altogether? How did you realise this? 
g. Can you think of a situation where you thought / assumed that a certain action was 
supported by the model, but it actually was not, as you learned later? How did you 
realise this? 
VI. Model design details / model properties (n/a if model is provided for document analysis) 
a. Grammar, domain, process, actors, size, complexity, colour, gateways, sequencing, 
use of optional elements, labels, annotations / comments etc. 
 Effects and Changes (~10 min.) 
I. Does the use of the process model influence your work on the process, or your day-to-day 
work activities? How? Since when (immediately or delayed)? 
II. Did you make or request any changes to the model after using it? What exactly? When? Why? 
III. Did someone else (e.g., a colleague; your manager) make or request any changes to the 
model? 
IV. Will you approach the task the same way next time? Or differently? In what way? Why? 
V. Has your views of the process or the model changed in any way? Motivation? 
Other (~10 min.) 
I. Any additional information regarding the organisation, the project, the initiative, the modelling 
software etc. 
II. Further informants 
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Appendix B 
Codebooks used during Data Analysis 
Category Subdimensions Description 
Examples of 
Possible 
Instances 
Examples of Possible 
Values 
Process Model 
Use 
 Frequency 
 Duration 
 Intensity 
 Purpose / task 
A user’s employment 
of one or more features 
of a process model to 
perform a goal-directed 
activity. 
 I use this 
model 
 I looked at this 
model 
 I consulted this 
model 
 Never / rarely / often 
 Constantly / regularly 
 Briefly / intensely 
Process Model 
Process 
The process which the 
model visualises. 
 This model 
shows 
 This model 
represents 
 The model is 
about 
 Insurance claims 
handling process 
Model properties 
Prominent or 
distinctive aspects of 
the process model. 
 Modelling 
grammar 
 Use of colour 
 Use of 
gateways 
 Use of optional 
elements 
 EPC 
 Standard  / customised 
colours 
 Core elements / 
optional elements 
 Implicit / explicit 
gateways 
Model User 
Process modelling 
expertise 
Amount and 
complexity of 
knowledge in process 
modelling. 
Process 
modelling 
training (formal 
/ informal) 
 Novice 
 Expert 
Process modelling 
experience 
Amount and 
complexity of 
knowledge gained 
through extensive 
experience of activities 
in process modelling. 
 # models read / 
created 
 # modelling 
grammars 
known 
 # modelling 
grammars used 
 Novice 
 Expert 
Goal 
A cognitive 
representation of a 
desired end-point. 
 My goal is 
 My objective 
 I’m driven by 
 I want 
 I’m supposed 
to 
 Individual / group / 
organisational goal 
 Self-imposed vs. 
external 
 Motivation 
Other 
characteristics 
Various individual 
character traits of the 
model designer / model 
user. 
 Age 
 Gender 
 Education 
 Experience 
 Goal-
orientation 
 Self-efficacy 
 Abilities 
 Young professional 
 Tertiary education 
 IT skills 
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Affordance 
Perception 
Degree of 
perception 
The perception of a 
possibility for goal-
oriented action 
afforded by a process 
model for a user. 
 I saw 
 I realised 
 I found 
 I thought 
“Looking at this model, 
I realised that it 
allowed me to perform 
the task I had to do.” 
Information 
about 
Affordance 
Symbolic 
expressions 
The communicative 
possibilities of a 
process model for a 
specified user. 
 Layout 
 Labels 
 Annotation 
 Top-down layout 
  “Refer to industry 
standard” task label 
 “URL to industry 
standard” as 
annotation added to 
task 
External 
affordance 
information 
Information about 
affordances from 
sources other than the 
process model itself. 
 Modelling handbook 
 Modelling convention document 
 Help file 
 Process modelling community 
 Colleagues / professional network 
Affordance 
Actualisation 
 Actualisation 
decision 
 Actualisation 
process 
The actualisation of a 
possibility for goal-
oriented action 
afforded by a process 
model for a user. 
 I was able to 
 I successfully 
 I performed 
 I was 
supported in 
 It enabled me 
“I was able to perform 
the task I had to do 
using this process 
model.” 
Expected Net 
Value of 
Affordance 
Actualization 
 Expected 
benefits 
 Expected effort 
The difference of the 
expected benefits 
gained from actualising 
an affordance and the 
difficulty to actualise 
it. 
 The value is 
 This is good 
 The advantage 
is 
 It was difficult 
 I had to put in 
a lot of effort 
“Performing the task I 
had to do, supported by 
this process model, was 
very difficult. I had to 
concentrate a lot.” 
Impact 
 Level: individual 
vs. group 
 Timeframe: 
immediate vs. 
long-term 
 Phase: model 
design vs. 
(first/second-
order) model use 
 Duration: one-off 
vs. continual  
The value-neutral 
effects attributed to the 
actualisation of an 
affordance. 
 The result 
 The outcome 
 The effect 
 The 
consequence 
 In the end 
 Overall 
 Immediate increase in 
decision-making 
quality for the 
individual 
 Long-term increase in 
compliance with 
existing rules and 
regulations for the 
organisation 
Changes to the 
model 
Degree of change 
to the model 
Changes to the model 
that potentially 
influence an 
affordance. 
 I changed 
 I modified 
 I altered 
 I added 
 I deleted 
 Minor (e.g., label 
change) or major (e.g., 
complete redesign) 
changes to a model  
 Changes to modelling 
governance 
Changes to the 
model user 
Degree of change 
in user 
characteristics 
Changes to user 
characteristics that 
potentially influence an 
affordance. 
 What I learned 
 What I would 
do differently 
 What I think 
now 
 What has 
changed 
 Different attitude to 
process models 
 Changes in knowledge 
/ expertise / 
experience 
Table 6: Codebook used during Data Analysis.
 163 
 
B.3 What Do Models Really Offer to Users? An Experimental Study of the 
Perception and Actualization of Affordances from Process Models 
 
 
Paper 3 
 
 
  
 
 
Eike Bernhard 
Information Systems School 
Queensland University of Technology 
Brisbane, Australia 
e.bernhard@hdr.qut.edu.au 
 
Jan Recker 
Information Systems School 
Queensland University of Technology 
Brisbane, Australia 
j.recker@qut.edu.au 
 
Andrew Burton-Jones 
UQ Business School 
The University of Queensland 
St Lucia, Australia 
abj@business.uq.edu.au 
  
 164 
 
  
 165 
 
What Do Models Really Offer to Users? An Experimental Study of the 
Perception and Actualization of Affordances from Process Models 
 
 
 
 
Abstract 
Conceptual models are important artifacts for information systems analysis and design. Prior 
research has focused mainly on model design and interpretation – usually to improve domain 
comprehension through better design. Little research has examined what models offer for 
analysis and design tasks and how their benefits may be leveraged. Such research would help 
practitioners learn how to maximize the return on investment of modeling. We turn to the 
concept of affordances as possibilities for goal-oriented actions that objects offer to users. We 
theorize that the perception and actualization of affordances is largely a function of four 
factors: symbolic expressions, external information, user abilities, and perceived effort. We 
examined our theoretical model through an experiment in which 101 students used process 
models to complete problem-solving tasks. Our results support our views regarding the 
importance of affordance perception and symbolic expressions. However, we find no evidence 
of the influence of external information, user abilities, or perceived effort. Overall, the findings 
underscore the importance of designing models effectively, with appropriate affordances and 
symbolic expressions, from the outset. For affordance theory, our findings suggest that the 
design of artifacts for symbolic expressions appears to be more central to affordance 
actualization than goal-orientation or perceived effort.  
 
Keywords: Conceptual Modeling, Process Modeling, Model Use, Affordances, Experiment 
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INTRODUCTION 
Conceptual modeling is an important activity during systems analysis and design (Siau and 
Rossi 2011). So far, conceptual modeling research has focused mainly on model design – how 
to create better models – or model interpretation – how users understand models (Aguirre-
Urreta and Marakas 2008; Gemino and Wand 2004). We examine what follows these steps – 
once a conceptual model (CM) has been interpreted – what we call model use. Few researchers 
have studied model use, with the exception of some studies on the use of data models for 
querying (Allen and Parsons 2010; Bowen et al. 2009). Even these studies, however, have not 
been informed by a theory of action that can explain when, how, and why users perceive and 
act upon a CM’s action-possibilities. We take this step. Moreover, past research assumes that 
simply providing users with task-relevant information in their models will allow them to 
perform their tasks more effectively (Bera et al. 2011). We show that the effect is not quite so 
simple.  
To understand model use, we turn to the concept of affordances (Gibson 1979). 
Affordances describe action-possibilities that an object, such as a CM, offers to its users. The 
concept of affordances has received growing attention by IS researchers in recent years, but is 
still under-researched in terms of the processes of affordance perception and actualization. 
Furthermore, most IS research on affordances to date has involved qualitative case studies (e.g., 
Leonardi 2011b; Strong et al. 2014), but a wealth of experimental research in psychology exists 
that the IS field has yet to draw on. Drawing on this literature, we conduct an experiment that 
tests what influences how users perceive action-possibilities from conceptual process models, 
and what influences users’ actualization of these possibilities. 
We begin by outlining relevant background literature and concepts from affordance theory. 
Next, we present a theoretical model to propose how users perceive and actualize process 
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model-related affordances. We then outline an experiment we ran to test our model. We then 
discuss our results, their implications and limitations, and conclude the paper. 
BACKGROUND 
There is a large body of literature on CMs in IS research and software engineering (e.g., 
Fettke 2009; Siau and Rossi 2011; Wand and Weber 2002), but two broad streams are evident: 
design and interpretation (Aguirre-Urreta and Marakas 2008; Gemino and Wand 2004). The 
model design stream focuses on how CMs are created, and especially how to design “better” 
CMs (e.g., Gemino and Wand 2005; Recker 2013; Shanks et al. 2008). This also extends to tool 
support (e.g., Green et al. 2011; Vessey et al. 1992) and comparisons of modeling grammars 
(e.g., Green et al. 2007; Recker et al. 2009; Vessey and Conger 1994). 
The model interpretation stream focuses on how users understand CMs (Mendling et al. 
2012; Reijers and Mendling 2011), or CM elements (Bodart et al. 2001; Parsons 2011), or how 
model interpretation can be aided through features such as colors (Masri et al. 2008) and text 
(Gemino and Parker 2009). Overall, this line of work focuses on users’ abilities to generate an 
understanding of the real-world domain a model represents, based on the assumption that the 
generated understanding could help in all sorts of tasks that a user may later conduct (Aguirre-
Urreta and Marakas 2008; Burton-Jones et al. 2009).  
These two streams are insufficient, however, because even if better models lead to better 
understanding, it is not clear if better task performance will result. For example, in a study by 
Bowen et al. (2006), ontologically clearer models of the data structures led to decreased task 
performance for some types of queries. In other words, we still need more theory to explain 
how, when, and why users will leverage their CMs productively in particular tasks. 
As Figure 1 shows, we extend past work by looking at what happens after model creation 
and interpretation – at the use of a CM in an analysis or design task. Many tasks could be 
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studied, such as systems planning/selection (Earl 1993; Galliers 1991; Lederer and Sethi 1988), 
requirements determination (Davis 1982; Hickey and Davis 2004; Wetherbe 1991), or process 
redesign (Kock et al. 2009), to name a few. We focus on process redesign. To scope our work, 
we also focus on one type of CM – process models (e.g., Davies et al. 2006; Dennis et al. 1999; 
Fettke 2009; Ouyang et al. 2009; Recker et al. 2009). Process models represent tasks, 
information, resources, and other aspects of an organization’s business processes (Curtis et al. 
1992; Ould 1995). Process models are a particularly suitable type of CM for our study because 
they are popular in practice (e.g., Davies et al. 2006; Fettke 2009) and practitioners expect 
benefits from them (Indulska et al. 2009a), but many practitioners still question if these benefits 
are actually derived (Indulska et al. 2009b). 
 
Figure 1: Model creation, interpretation, & use (adapted from Gemino and Wand 2004)  
 
Historically, conceptual modeling research was criticized for being atheoretical (Wand and 
Weber 1993; Wand and Weber 2002). We believe that one useful theory that can shed light on 
the use of process models (and other CMs) is affordance theory (Gibson 1979; Markus and 
Silver 2008). It has not yet been used to our knowledge in the conceptual modeling literature. 
As we argue in the next section, we believe that it could shed light on how model users not only 
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interpret process models, but also how they perceive and actualize the possibilities that the 
models offer them.  
A key premise of affordance theory is that objects have properties that enable their user to 
perform certain actions. For CMs, a key property that influences if a model affords an action or 
not is the difference in information conveyed by the model to its users. Therefore, a particularly 
suitable property of a model to examine in our study is a modeling construct that carries multiple 
meanings and thus allows for different interpretations. We chose to examine swim lanes for 
this purpose. Swim lanes are widely used in practice (Recker 2010b) and reflect one of the four 
basic construct categories of BPMN 2.0 (OMG 2011). Prior research shows that swim lanes 
can be useful (Bera 2012b), but ontological analyses have shown that they are an overloaded 
and hence ambiguous construct (Recker et al. 2010; Recker et al. 2011). For instance, they can 
be used to model roles or business areas, scoping and grouping, and actors or systems (Recker 
2010b). This allows us to assume that swim lanes offer multiple affordances to users, but also 
that users may not automatically or clearly see all of these affordances. Thus, process models 
with and without swim lanes make an interesting and important test-case for our study. The 
question we address is whether users will perceive and act upon the affordances potentially 
emergent from process models with swim lanes. 
THEORY 
The theory of affordances (Gibson 1979) has received growing attention from IS 
researchers as a way to understand how actors perform tasks with IS artifacts (Leonardi 2013; 
Leonardi 2011b; Markus and Silver 2008; Strong et al. 2014). Table 1 describes and illustrates 
relevant elements of the theory (e.g., Konczak et al. 1992; Mark 1987; Warren 1984).  
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Table 1: Illustration of key concepts from affordance theory. 
Category Concept 
                                                    Illustration 
In psychology In conceptual modeling 
User  
Goal-
orientation  
The goal of reaching an elevated 
level. 
The goal of completing a model-based 
system analysis and design task. 
User ability  
The physical ability to climb 
stairs. 
The ability to understand semantic rules 
of modeling grammars. 
Affordance 
information 
Symbolic 
expression 
The height, angle, surface and 
structure of the stairs in relation 
to an individual. 
Syntax and Semantics of a modeling 
grammar / constructs as interpreted by a 
model user. 
External 
information 
A sign pointing to the stairs as 
read by an individual. 
A training document explaining semantics 
of modeling constructs to a model user. 
Perception  
Affordance 
perception 
The individual perception that 
the stairs offer the possibility to 
reach an elevated level. 
The model user’s perception that the CM 
offers him/her the possibility to complete 
a system analysis and design task. 
Use 
Affordance 
actualizatio
n 
The act of climbing the stairs 
towards the elevated level. 
The model user’s chosen way of 
performing the system analysis and design 
task. 
Affordance 
actualizatio
n effort 
The personal effort estimated or 
invested for climbing the stairs 
and reaching the elevated level. 
The effort estimated or invested for 
completing the system analysis and design 
task. 
 
Affordances are not embedded in objects in isolation. Instead, they are relational – they 
emerge for a user in his/her interaction with an object in a certain situation (Gibson 1979). Thus, 
the emergence of an affordance depends on both the user and the object (Turvey 1992); it 
requires that an object has a property with causal potential for an activity, and that the user has 
the ability to perceive and exploit that property while using the object to achieve a goal (Markus 
and Silver 2008).  
Affordances are defined as possibilities for goal-oriented action that objects offer to users 
(Markus and Silver 2008). This definition implies two important characteristics of users – their 
ability (Stoffregen 2000) and their attitude towards the goals of the activity they engage in 
(Button et al. 1996). While other user characteristics may also play a role for affordances theory, 
we limit our study to these two prominent ones. 
Affordance theory further postulates that an object’s design, intentionally or 
unintentionally, conveys messages about how the object should or may be used (Gibson 1979). 
These messages form a second relational concept, as different users may perceive and interpret 
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them differently. This concept is referred to as symbolic expression and defined as 
communicative possibilities that an object offers to a user (Markus and Silver 2008). 
Enacting goal-oriented actions with an object requires users to perceive such affordances 
(Stoffregen et al. 1999). Thus, perception is a key element of affordances theory (Gibson 1979) 
and has been studied extensively in psychology (e.g., Pepping and Li 1997; Wagman and Malek 
2008; Warren 1984). Perception is facilitated by affordance information, defined as 
information about action-possibilities that an object offers to a user (Reed 1996; Shaw et al. 
1982). Such information can stem from the user’s relation to the object itself (i.e., the symbolic 
expressions) or from an external source that signals to a user a certain affordance.  
The existence of affordances does not determine action but only defines a set of possible 
actions for the user (Markus and Silver 2008). Following the perception of affordances, the user 
engages in a process of affordance actualization, i.e., turning the possibility into actual action, 
which in turn leads to use consequences (Strong et al. 2014). 
HYPOTHESIS DEVELOPMENT 
Figure 2 presents our theoretical model. Its key premises are that: a) affordance perception 
from a process model is a function of affordance information and the model user’s abilities and 
goals, and b) affordance actualization is a function of affordance perception and affordance 
actualization effort. We discuss these premises in turn. 
Paper 3: What Do Models Really Offer to Users? 
An Experimental Study of the Perception and Actualization of Affordances from Process Models. 
173 
 
 
Figure 2: Theoretical model (F: theoretical factor; O: operationalization of factor). 
 
Recall, to examine affordance perception and actualization we need to focus on particular 
properties of process models – swim lanes – and the action-possibilities that could emerge from 
these properties. Swim lanes were originally designed to plot and trace how tasks in a process 
are interconnecting resources from different organizational units (Rummler and Brache 1990). 
A process model with swim lanes contains information about tasks and assigned resources 
involved in a process (Zur Muehlen and Recker 2008). A key affordance that swim lanes 
therefore offer is the ability to allocate tasks to workers in different roles. We will call this the 
task allocation affordance. Task allocation is a fundamental organizational principle and 
refers to the activity of assigning work tasks to process participants, visualized as swim lanes 
in a process model, based on organizational strategies, cost considerations, and the process 
participant’s qualification and availability (Wynn et al. 2014; Zur Muehlen 2004). 
For two reasons, task allocation is a particularly suitable activity to study when examining 
affordances from process models. First, it is an activity that matters in practice. It is frequently 
considered in process modeling, execution, redesign, and improvement (Poelmans et al. 2013). 
It is also one of the main reasons to document business processes (Sharp and McDermott 2009). 
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Second, it is a non-trivial activity. A participant in a process can, for instance, only commit to 
the execution of one task at a time. Moreover, not every member of an organization is typically 
permitted to perform every task. Some tasks require the involvement of more than one person 
at the same time (Knorr and Stormer 2001; Lawrence 1993). Other tasks may be less critical 
and therefore may be performed by one out of a larger pool of employees. When allocating 
tasks, analysts may also have to consider the different costs associated with different 
assignments of resources/participants (White 2009).  
As Figure 2 shows, the symbolic expressions offered by swim lanes should help users of 
process models with swim lanes to perceive the possibility to allocate tasks among process 
participants. On the other hand, a process model without these symbolic expressions (without 
swim lanes) should not readily suggest this possibility. This leads to our first hypothesis:  
H1: Users of process models that include swim lanes will perceive more task allocation 
affordances than users of process models that do not include swim lanes. 
 
Affordance theory stipulates that external information can be used to draw attention to 
potential affordances by providing additional information about them (Gaver 1991). Such 
external information could influence users’ perceptions of affordances in several ways (Gaver 
1991). For instance, given a process model with swim lanes, correct external information 
about an affordance such as task allocation can be provided to model users in the form of a text 
document that instructs how swim lanes in general support task allocation decisions. By 
reinforcing the symbolic expressions of swim lanes, such information should help the model 
users in correctly identifying the task allocation affordance offered by the model. 
By default, people expect information they encounter to be correct (Buller and Burgoon 
1996; Levine et al. 1999), but information can also be erroneous or distorted (Fox 1983). We 
call this incorrect information. Another type of external information is irrelevant 
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information: information that reflects a true state of the world, but bears no relevance to the 
task at hand. Both incorrect and irrelevant information are issues in many IS-related contexts, 
such as online communication (Mintz 2002) and requirements determination (Appan and 
Browne 2012), making them an interesting object of study (Zhou and Zhang 2007). The 
presence of incorrect information, in particular, relates to the concept of a false affordance – a 
perceived affordance that does not exist (Gaver 1991). 
While we would expect correct information to help more than incorrect or irrelevant 
information, the effects are not necessarily obvious. Intuitively, irrelevant information should 
not harm users, as they could just disregard it, whereas incorrect information could harm users, 
because they may take actions on the basis of it. However, in some contexts, users may notice 
the problems with the incorrect information and disregard it without a problem (Schwarz 2004; 
Schwarz et al. 2007), e.g., if it appears to be incoherent (Johnson-Laird et al. 2012) or 
inconsistent with their existing knowledge (Wyer 1974). Thus, while our predictions are 
straightforward, they remain important to test empirically. We make two predictions:  
H2a: Users of process models that include swim lanes and correct external information 
will perceive more task allocation affordances than users of process models that include 
swim lanes and incorrect external information. 
 
H2b: Users of process models that include swim lanes and correct external information 
will perceive more task allocation affordances than users of process models that include 
swim lanes and irrelevant external information. 
 
The next element of our theoretical model concerns the model user. Users’ ability to use 
an object for a task is a key element of affordance theory (Stoffregen 2000). When working 
with CMs, an important ability relates to being able to understand the syntax and semantics of 
a given type of model – its grammatical rules (Wand and Weber 2002). We call this modeling 
ability. Studies show that users with greater modeling ability perform better in comprehending 
both CMs and the domains they represent (e.g., Khatri et al. 2006; Mendling et al. 2012; Recker 
Paper 3: What Do Models Really Offer to Users? 
An Experimental Study of the Perception and Actualization of Affordances from Process Models. 
176 
 
2013). Based on this increased model and domain understanding, users should be more likely 
to recognize if, and which, tasks are possible to perform using a CM. 
We argue, therefore, that users with greater modeling ability are more likely to perceive an 
affordance from a process model than those with less modeling ability. Note that this is a 
moderating (rather than a direct) effect. This is because modeling ability refers to how well a 
user understands a given type of CM. Such an understanding is not sufficient to understand the 
domain modeled in any particular CM (and thus it is not sufficient to lead to affordance 
perception directly), because what makes a particular CM distinct is all the domain information 
included in its various construct labels. Without such information, there is much less basis to 
perceive an action-possibility for a particular CM. On the other hand, if affordance information 
exists, greater modeling ability should aid its perception. We state: 
H3: High levels of modeling ability will increase the positive impact of affordance 
information on affordance perception. 
 
Affordance theory assumes that individuals are goal-driven, i.e., they have a goal in mind 
when using an object to perform a task (Markus and Silver 2008). One way to study CM-related 
goals would be to try to capture users’ specific goals and their attainment when using a specific 
CM. The challenge with this approach is that specific self-set goals and sub-goals may vary 
greatly across users, making it hard to conceptualize such phenomena in a generalizable way. 
The alternative, which we take, is to focus not on the goal per se, but on users’ behaviors 
towards their goals. Such behavior is typically reflected in individuals’ motivation and past 
performances (Bandura 1986), also known as their goal-orientation (DeShon and Gillespie 
2005). Past research has identified two types of goal-orientation: performance and learning. In 
general, individuals with a high learning goal-orientation seek to increase their competence and 
to understand or master something new, while individuals with a high performance goal-
orientation adopt a shorter-term focus and seek to gain favorable judgments of their ability or 
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avoid negative evaluations (Button et al. 1996).  
For CMs, this means that users will perceive, comprehend, and use models differently, 
depending on their performance and learning goal-orientations. For instance, users with a high 
learning goal-orientation will be more likely to explore new ways of using a CM in a task, and 
thus be more likely to perceive and actualize new affordances from a CM. On the other hand, 
while users with a high performance goal-orientation will be motivated to perform well in tasks, 
and therefore perceive and actualize the affordances they are familiar with, they are less likely 
to explore the CM for additional affordances they are unaware of.  
Thus, there are arguments for the importance of both learning and performance goal-
orientation for affordance perception. We believe that the theory is slightly stronger for learning 
goal orientation but we cannot rule out an effect for performance goal-orientation altogether. 
Existing theory is not advanced enough to allow for clear predictions, hence our need for 
empirical tests to learn how both constructs actually behave. We hypothesize: 
H4a: High levels of learning goal-orientation will increase the positive impact of 
affordance information on affordance perception. 
 
H4b: High levels of performance goal-orientation will increase the positive impact of 
affordance information on affordance perception. 
 
Next, we turn to the link from affordance perception to actualization. Because perception 
is a necessary but not sufficient condition for actualization (Stoffregen et al. 1999), the 
emergence of an affordance does not determine a user’s course of action but rather defines 
possible actions (Markus and Silver 2008). After perceiving an affordance, a user could decide 
not to actualize it (Warren 1988) or, in the case of multiple affordances, a user could actualize 
one but not another (Ye et al. 2009), depending on the user’s goals and the anticipated impact 
of actualizing a given affordance (Newell 1982). Nevertheless, how the user perceives an 
affordance inevitably shapes his/her actualization of it (Orlikowski 1992).  
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H5: Affordance perception will have a significant positive impact on affordance 
actualization. 
 
Finally, because affordance perception is a necessary but not sufficient requirement, we 
consider why perceived affordances are not actualized. Specifically, actualization is influenced 
by the degree of effort a user has to invest (McGrenere and Ho 2000; Warren 1984). Interpreting 
CMs is a cognitive task (Gemino and Wand 2003; Gemino and Wand 2004) and thus the 
investment effort relates to cognitive load – the cognitive processing required to learn and use 
the information conveyed in the model (DeLeeuw and Mayer 2008; Gemino and Wand 2005). 
There naturally must be a limit to the cognitive load that a user will willingly bear to actualize 
an affordance. Because information processing capacity is limited (Miller 1956), cognitive load 
reduces the cognitive capacities available for other tasks (including actualizing an affordance). 
Thus, we argue that the actualization of a CM affordance is moderated by the amount of 
cognitive load required by the user to interpret the CM. If much of the cognitive capacity is 
consumed by interpreting constructs or grammatical rules of a CM, less capacity is available to 
identify and assimilate information about the affordance conveyed through symbolic 
expressions and/or external information. We predict:  
H6: High levels of cognitive load will decrease the positive impact of affordance 
perception on affordance actualization. 
 
METHOD 
Our study is the first test of affordances theory in conceptual modeling research. Therefore, 
we selected an experimental design to maximize internal validity. 
Experimental design 
As Figure 3 shows, we used a mixed design, with a two-level between-group factor 
symbolic expressions (process model with and without swim lanes), a three-level between-
group factor external information (correct, incorrect, and irrelevant), and four within-subject 
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factors (modeling ability, learning goal-orientation, performance goal-orientation, and 
cognitive load). We used the ‘irrelevant’ information group largely as a control condition. An 
alternative design would have been to use three groups: correct external information, incorrect 
external information, and no external information. The weakness with such a design is that the 
groups would have differed in both the amount of information and its correctness. By including 
the irrelevant information group, we had just one difference in the external information received 
by the groups: correctness. The amount of information was the same.  
  
 External information 
Incorrect external 
information 
Irrelevant external 
information 
Correct external 
information 
S
y
m
b
o
li
c 
ex
p
re
ss
io
n
s 
Process model 
without swim lanes 
Not applicable 
Group 1 
(N = 24) 
Not applicable 
Process model 
with swim lanes 
Group 2 
(N = 21) 
Group 3 
(N = 23) 
Group 4 
(N = 33) 
Figure 3: Experiment design (shaded groups excluded from the study); Ntotal = 101. 
As Figure 3 shows, we used an incomplete factorial design (Collins et al. 2009) and 
assigned participants to Groups 1-4 only, i.e., limiting our study to one group without swim 
lanes (Group 1). This is because irrespective of the external information provided, the role 
information provided by swim lanes is essential for performing task allocation-related 
activities; correct or incorrect external information is irrelevant if no swim lanes are present. 
Participants 
Because we seek to examine how process models are used in analysis and design tasks, our 
target population extends beyond process analyst professionals to users of process models in 
general. We chose to use a student sample to represent this population. We drew participants 
from a course offered in the IT school of a large public university in Asia-Pacific in April 2014. 
Course content included basic process modeling principles, creation of business process 
models, and communication using process models (Recker and Rosemann 2009). Participation 
was voluntary but students were incentivized to participate by offering 5% extra course credit. 
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101 of 119 students participated, for a response rate of 85%. The participants ranged from 19-
52 years of age (avg. of 27 years) and were mostly male (66 %). 
While a convenience sample, we believe that our student sample still bears some 
comparability to the target population of model users (Compeau et al. 2012). In particular, 
university students can proxy for working professionals if the task is designed appropriately 
(Burton-Jones and Meso 2008; Höst et al. 2000; Reijers and Mendling 2011; Svahnberg et al. 
2008). We also examine basic cognitive processes related to identifying and actualizing 
affordances from models in problem-solving tasks, and students’ and practitioners’ basic 
cognitive processes are not expected to differ in important ways (Parsons 2011). Overall, we 
believe the participants in our study may generalize to junior professionals in industry. We 
leave studies of highly experienced professionals to future work.  
Treatment materials 
We designed the models in our study to resemble those in practice (Shadish et al. 2002). In 
particular, we followed the widely-used BPMN 2.0 modeling grammar, with standard 
conventions (Dumas et al. 2013; Weske 2007). The model depicts the process of handling 
insurance claims; a process examined in previous process modeling studies (Leopold et al. 
2014; Recker and Dreiling 2011) (see Figures 4 and 5). We validated the model with an 
experienced Business Analyst from an insurance company to ensure that it was realistic. 
Many guidelines on conceptual modeling experiments discuss whether alternative CMs of 
a domain should be informationally equivalent (e.g., Aguirre-Urreta and Marakas 2008; 
Gemino and Wand 2004; Parsons and Cole 2005; Siau 2004; Wand and Weber 2002). Figure 4 
shows the model in our study that featured swim lanes (for Group 1). Figure 5 shows the model 
that was otherwise identical but omitted swim lanes (for Groups 2-4). Because we are studying 
if users act upon information in their models, the two models were, by design, not 
Paper 3: What Do Models Really Offer to Users? 
An Experimental Study of the Perception and Actualization of Affordances from Process Models. 
181 
 
informationally equivalent. The aim of our study is to determine if the additional symbolic 
expression (swim lanes) assist users in identifying affordances (per Burton-Jones et al. 2009). 
We manipulated external information by providing one of three versions of an instructional 
text (Figures 6-8). The text with correct information (Figure 6) explained how swim lanes 
enable task allocation. The text with incorrect information (Figure 7) explained how swim lanes 
enable task prioritization. This suggests a false affordance – something not meant to be possible 
with the provided object. As per grammatical rules (OMG 2011) and textbooks (Dumas et al. 
2013; Weske 2007), swim lanes should not describe task priorities. The text with irrelevant 
information (Figure 8) discussed business process management. While not incorrect, it offered 
no advice relevant to the model participants received, the use of swim lanes, or the business 
process represented. The three texts were written in a similar style and length (correct 
information: 185 words; incorrect information: 161 words; irrelevant information: 133 words). 
We validated the texts with four participants who rated each one according to whether it 
conveyed a true affordance, a false affordance, or no affordance relevant to our study’s task. 
Their ratings matched our expectations and indicated that the texts were distinct (ICC = 0.76). 
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Figure 4: Process model of the claims handling process with swim lanes. 
 
Figure 5: Process model of the claims handling process without swim lanes. 
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Using Swim Lanes to Organise Your Process 
An important part of designing a business process is determining the people required to complete each of the tasks 
in the process. Within your process, roles are used to model who is responsible for the work and tasks are used to 
model what exactly that work is. 
Roles are assigned to the swim lanes that display who is responsible for completing tasks within your process. 
Swim lanes are the horizontal lines that run across the BPMN process model. All objects must be placed within 
a swim lane. 
Based on the information about tasks and roles, swim lanes can be used to change the allocation of tasks to 
people in the process, e.g., by moving a task from one swim lane into another to improve the process or rectify a 
problem.  
Swim lanes can also be used to distinguish between people and IT systems. For example, an Admin Officer can 
be assigned to one swim lane and a workflow system can be assigned to another. This shows which parts of the 
process are automated (i.e., performed by a tool). 
Figure 6: Correct external affordance information. 
Using Swim Lanes to Prioritise Your Process 
An important part of designing a business process is determining the importance of each task for the overall 
outcome of the process. Within your process, prioritisation is used to model what activity should take primacy 
over other types of work. Prioritisation therefore allows you to define a level of categories that represent a hierarchy 
of tasks within your process. 
The different levels of importance are assigned to the swim lanes. Swim lanes are the horizontal lines that run 
across the BPMN process model. All objects must be placed within a swim lane. Swim lanes visually display the 
importance of performing each flow object within your process. Additionally, you can have multiple swim lanes 
that are assigned to the same level of importance. 
Based on the information about tasks and priorities, swim lanes can be used to change the priority of tasks in the 
process, e.g., by moving a task from one priority into another. 
Figure 7: Incorrect external affordance information. 
About Business Process Management 
Business processes form the core of organisations and their interrelations with business partners. They are the 
centre of attention in a variety of management approaches and technology-driven solutions such as Workflow 
management and Service-oriented Architectures (SOA). 
Improving business processes is on top of the agenda for chief and senior executives. This requires a solid 
understanding of current and future business processes and their alignment with business objectives. 
Business Process Management (BPM) is an integrated set of concepts, methods and tools surrounding the 
definition, implementation, execution and improvement of business operations. The demand for BPM is driven by 
the need for increased operational excellence and effective business practices. BPM forms a widely recognised 
aligning foundation for IT projects and is a key issue in discussions related to outsourcing and mergers. 
Figure 8: Irrelevant external affordance information. 
Measurement 
Table 2 shows our measurement instruments. Most measures were taken from existing 
studies, but some were new. In particular, we needed a way to measure the extent to which 
participants perceived a task allocation affordance to emerge from the use of a process model. 
Because no existing measure was available, we created one. We developed a catalogue of 15 
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statements relating to the provided process model for our affordance perception (AP) 
measurement. Participants were asked to rate their agreement to the statements on a 7-point 
Likert scale. The catalogue contained three types of statements relating to the ability of process 
models to allow for task allocation: correct (5), partially correct (4), and incorrect (6) 
statements.  
Correct statements referred to activities that were fully supported by the provided 
information and materials (e.g., they referred to task allocation activities that were possible to 
perform). Partially correct statements referred to activities that were only partially supported by 
the provided materials (e.g., they referred to activities that were neither completely possible nor 
impossible to perform). Incorrect statements referred to activities that were not possible to 
perform based on the provided information and materials (e.g., they referred to a different 
process that was not depicted in the provided model). We arrived at this catalogue of statements 
after multiple rounds of pre-testing that involved eleven academics and research students. In 
our analysis below, we focus on the correct task allocation-related statements to measure 
affordance perception, and we use the answers on the incorrect statements for manipulation 
checks (e.g., to examine if participants correctly rejected a false affordance). 
Next, to measure affordance actualization (AA), we needed tasks in which participants 
could actualize an affordance, if perceived. Because CMs are cognitive vehicles, one suitable 
task is the use of process models in problem-solving. Therefore, we designed two creative 
problem-solving (CPS) tasks that focused on the generation of process redesign options. 
Generating process redesign options is a non-trivial CPS task because it involves the generation 
of future state scenarios based on limited information about a current state. Generating process 
redesign options is one of the most common and vital uses of process models in practice 
(Indulska et al. 2009a). 
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Table 2: Measurement instruments. 
Amount of Modeling Experience (self-developed). 
1. Can you recall the month and year when you first used process models? 
Frequency of model use, on a scale from 1-7 (“Never” to “Hourly or more”). 
2. On average, how often do you use process models? 
Domain Knowledge, adapted from Burton-Jones and Meso (2008), on a 1-7 scale (“Very Low” to “Very High”) 
1. Compared to someone who works in the area of insurance claims handling, I would rate my level of 
knowledge in this area as: 
2. Compared to someone who works in an insurance company, I would rate my level of knowledge of insurance 
related activities (such as handling insurance claims) as: 
3. If I were asked a question about insurance claims handling, I would rate the likelihood of answering this 
question correctly as: 
Modeling Ability (Recker 2013), on a scale from 0-10 (no. of correct answers) 
1. After exclusive choices, at most one alternative path is executed (false). 
2. Exclusive choices can be used to model repetition (true). 
3. Synchronization means that two activities are executed at the same time (false). 
4. An inclusive OR can activate concurrent paths (true). 
5. If two activities are concurrent, they have to be executed at the same time (false). 
6. If an Activity is modeled to be part of a loop, it has to be executed at least once (false). 
7. Having an AND-Split at the exit of a loop can lead to non-termination (true). 
8. A deadlock is the result of an inappropriate combination of splits and joins (true). 
9. Processes without loops cannot deadlock (false). 
10. Both an AND-Join and an XOR-Join can be used as a correct counterpart of an OR-Split (false). 
Performance Goal-Orientation (Button et al. 1996), on a 1-7 scale (“Strongly Disagree” to “Strongly Agree”) 
1. I prefer to do things that I can do well rather than things that I do poorly. 
2. I’m happiest at work when I perform tasks on which I know that I won’t make any thesiss. 
3. The things I enjoy the most are the things I do the best. 
4. The opinions others have about how well I can do certain things are important to me.* 
5. I feel smart when I do something without making any mistakes.* 
6. I like to be fairly confident that I can successfully perform a task before I attempt it.* 
7. I like to work on tasks that I have done well on in the past. 
8. I feel smart when I can do something better than most other people.* 
* item deleted. 
Learning Goal-Orientation (Button et al. 1996), on a 1-7 scale (“Strongly Disagree” to “Strongly Agree”) 
1. The opportunity to do challenging work is important to me.  
2. When I fail to complete a difficult task, I plan to try harder the next time I work on it. 
3. I prefer to work on tasks that force me to learn new things. 
4. The opportunity to learn new things is important to me. 
5. I do my best when I’m working on a fairly difficult task.* 
6. I try hard to improve on my past performance. 
7. The opportunity to extend the range of my abilities is important to me. 
8. When I have difficulty solving a problem, I enjoy trying different approaches to see which one will work.* 
* item deleted. 
Construct Recall, adapted from Bodart et al. (2001), on a numeric scale (no. of constructs). 
1. How many tasks did the process model contain? 
2. How many events did the process model contain? 
3. How many swim lanes did the process model contain? 
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Model Comprehension, adapted from Burton-Jones and Meso (2008), on a 0-6 scale (no. of correct answers) 
1. The amount for a claim is first assessed and only then paid out to the customer. (true) 
2. There are four actors involved in this process. (for group 1: not shown; for groups 2-4: false) 
3. If a customer does not hold a valid insurance policy, the insurance provider ends the process. (false) 
4. The tasks 'Complete claim information' and 'Find and solve reason for claim information incompleteness' can 
be performed in parallel. (true) 
5. As the last task in the process, the customer is informed. (true) 
6. Customer information can be current, outdated or unavailable. (false) 
Task Allocation Affordance Perception (self-developed), on a 1-7 scale (“Strongly Disagree” to “Strongly Agree”) 
1. The process model allows me to assign tasks to process participants. 
2. The process model allows me to change the allocation of activities to actors in the ‘Claims Handling’ process. 
3. The process model allows me to add actors to and remove actors from the process.* 
4. The process model allows me to decide where to most effectively use a new employee in the ‘Claims 
Handling’ process. 
5. The process model allows me to perform task allocation. 
* item deleted. 
Self-efficacy, adapted from Phillips & Gully (1997), on a 1-5 scale (“Strongly Disagree” to “Strongly Agree”) 
1. I feel confident in my ability to perform well on the upcoming tasks. 
2. I am confident that I will do as well on the tasks as I would like.* 
3. I feel that I am capable of performing as well on the tasks as others. 
4. I am a fast learner for these types of tasks, in comparison to other people. 
5. I would not have to practice for a long time to be able to do well on the tasks.  
6. I think that my performance will be adequate on the tasks.  
7. I am sure that I can learn the techniques required for the tasks in a short period of time. 
8. On average, other individuals are probably not as capable of doing as well on the tasks as I am.* 
* item deleted. 
Cognitive Load, adapted from Cierniak et al. (2009), on a 1-5 scale (“Not at all” to “Extremely”). 
1. How difficult were the tasks for you? 
2. How difficult was the content of the provided materials for you? 
3. How difficult was it for you to perform the tasks with the provided materials? 
4. How much did you concentrate during the tasks?* 
* item deleted. 
Use of Information Sources, adapted from Burton-Jones and Meso (2008), on a 1-5 scale (“Not at all” to “To a 
great extent”). 
1. To what degree did you rely on the information in the process model? 
2. To what degree did you rely on the information in the additional text document? 
3. To what degree did you rely on your general knowledge? 
4. To what degree did you rely on guesswork? 
Creative Problem-Solving tasks (self-developed). 
1. The Claims Assistant responsible for the 'Claims Handling' process suddenly fell sick and is not able to work 
for the foreseeable future. How could this issue be resolved? 
2. The insurance company you work for is not satisfied with the performance of the 'Claims Handling' process. 
What suggestions can you think of to improve the process? 
Grade Point Average, on a scale from 1 (“Low Fail”) to 7 (“High Distinction”). 
1. What is your current grade point average (GPA)? 
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The problem-solving tasks were designed with three points in mind. First, they required 
participants to engage with a fictional scenario from the insurance domain. We chose two 
scenarios – one where an employee became unavailable and one where current performance 
levels were unsatisfactory. Both describe fictional but realistic scenarios that businesses 
encounter. Second, we designed the task setting so that participants were provided with the 
process model and external textual information together, so that they can be used as information 
sources during task completion. This is also a realistic scenario because in real-world contexts, 
participants usually are equipped with multiple sources and formats of information (e.g., 
Burton-Jones and Meso 2008; Green et al. 2011; Kozma 2003). Third, the tasks were designed 
to allow for variation in the salience of the affordance to the task. Task one (“The Claims 
Assistant responsible for the 'Claims Handling' process suddenly fell sick and is not able to 
work for the foreseeable future. How could this issue be resolved?”) described a specific 
problem in detail and required information about actors and tasks in the process to be 
appropriately addressed, i.e., the task strongly relates to task allocation. Task two (“The 
insurance company you work for is not satisfied with the performance of the 'Claims Handling' 
process. What suggestions can you think of to improve the process?”) was worded in a general 
manner and did not require specific information, i.e., the task did not relate to task allocation 
specifically. Rather than use the difference between these questions as a variable in our study 
(e.g., using a construct like ‘affordance relatedness’), we used these two types of questions 
simply to ensure that our treatments were tested across a range of cases, thus increasing external 
validity. 
For each task, we measured the performance of the participants in three ways. First, we 
counted the number of answers that were given (what we call ‘CPS fluency’). Second, we 
counted the number of task allocation-relevant answers as a subset of the overall answers (what 
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we call ‘TA fluency’). Third, we calculated the quality of all answers and of task allocation-
relevant answers given (what we call ‘CPS quality’ and ‘TA quality’, respectively). We 
describe the coding of the CPS task answers in more detail below. 
We ensured the validity of these tasks in two steps. First, we discussed the tasks with an 
insurance expert to make sure the scenarios described in the tasks were realistic and appropriate. 
Second, we conducted multiple rounds of pre-testing. In these pre-tests, we provided 11 
academics and research students with the tasks and asked them to rate their task specificity and 
task allocation-relatedness on a 1-7 Likert scale. The results from this testing confirmed the 
validity of the tasks, in that task one was rated as very specific (M = 5.1; SD = 0.9), and highly 
related to task allocation (M = 5.8; SD = 1.1), while task two was rated as much less specific 
(M = 3.1; SD = 1.2) and less related to task allocation (M = 2.6; SD = 1.3). 
As measures for our within-subject factors, first, we measured learning and performance 
goal-orientation using two 8-item, 7-point Likert scales by Button et al. (1996). The learning 
goal-orientation scale relates to learning of new skills and the development of new strategies in 
the face of difficult tasks. The performance goal-orientation scale relates to judgments of one’s 
competencies via task performance by others. 
For the second within-subjects factor, modeling ability, we measured ability via an existing 
scale assessing participants’ understanding of grammar- and tool-independent process 
modeling principles (Mendling et al. 2012). It contained ten true/false statements regarding 
participants’ understanding of process modeling rules such as reachability, deadlocks, 
concurrency, and option to complete. The modeling ability (MA) score is the sum of correct 
answers. 
As the third within-subjects factor, we measured the cognitive load (CL) during the tasks 
using a 5-point Likert scale adapted from Cierniak et al. (2009). The items encompass task, 
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material content and material design dimensions that correspond to the three types (intrinsic, 
extraneous, and germane) of cognitive load (DeLeeuw and Mayer 2008). 
Finally, we measured a number of control variables to ensure that we could rule out 
potentially conflicting explanations of our results. These included:  
- Demographic information (age and gender) and participants’ process modeling experience 
(ME) (i.e., the month and year when they first used a process model, the estimated number 
of process models seen and created, and the current frequency of model use (FMU)). 
- Domain knowledge (DK), measured with a scale adapted from Burton-Jones and Meso 
(2008). The scale asked participants about their experiences and knowledge relating to 
working for an insurance company and the handling of insurance claims. 
- Perceived self-efficacy (SE) using the 5-point task-specific Likert scale of Phillips and 
Gully (1997). Self-efficacy can play a role in human agency (Bandura 1977; Bandura 1982) 
and in understanding process models (Mendling and Strembeck 2008). 
- Participant’s level of comprehension of the provided process model (MC) and their reliance 
on the two information sources (the process model and additional external information), 
measured using scales adapted from Burton-Jones and Meso (2008). 
Procedures 
Participants were randomly assigned to one of the four experiment groups. For each group, 
the procedure was as follows. First, after a short introduction text that explained the study and 
its objectives in general terms, descriptive statistics and control variables were obtained (e.g., 
process modeling experience, domain knowledge, self-efficacy). Next, we provided 
participants with a brief description of the aims of the tasks they were about to receive, and then 
queried the goal-orientation of participants given the task scenario they were to encounter. 
Second, we assessed the participant’s modeling ability. Third, the participants received a 
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process model and additional external information as treatment. The materials were constantly 
available to the participants from this point onwards (Parsons and Cole 2005). After instructing 
participants to study the materials carefully, we assessed participants’ comprehension of the 
process model, in particular about the sequence of activities, control flow logic, and involved 
actors. Fourth, we measured participants’ affordance perception. Fifth, participants had to 
complete the two redesign tasks. Sixth, after completing the tasks, the participants were asked 
to state how much they relied on the two information sources. We also assessed the perceived 
cognitive load that the participants experienced while completing the tasks.  
Prior to conducting the experiment, we conducted a pilot study with a representative sample 
of 66 under- and postgraduate university students. Subjects were drawn from the previous 
iteration of the course (i.e., in 2013), and thus demographics were roughly comparable. The 
pilot study involved a test of the experiment materials, the procedures, the time required to 
participate, the coding of the responses to the problem-solving questions, as well as instruction 
and question wording. Based on the findings from the pilot study, several questions and the 
instructions were clarified, the provided textual information was reworded, and we dropped one 
additional problem-solving task that we had initially included in the pilot but proved unclear to 
participants. 
Coding of problem-solving tasks 
Participants’ problem-solving answers were evaluated by two independent coders. 
Although problem-solving tasks have been used in prior studies (e.g., Bodart et al. 2001; 
Burton-Jones and Meso 2008; Gemino 2004; Gemino and Wand 2005), our coding was slightly 
different in that we were not coding understanding per se, but instead the actualization of the 
task allocation affordance. To that end, we designed multiple measures to allow for a fine-
grained evaluation of the extent of actualization. Specifically, the coders independently 
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evaluated each participant response on (1) whether or not it relates to the activity of task 
allocation (“Task allocation-relatedness”); (2) how effective the proposed solution is 
(“Effectiveness”); (3) how realistic the suggestion is (“Realism”); and (4) how specific the 
answer is (“Specificity”). Furthermore, the overall number of task allocation-relevant responses 
was recorded. 
Coding of task allocation-relatedness, defined as the extent to which the answer is 
concerned with the (re-)allocation of tasks, was rated on a binary scale (”Not related to task 
allocation” versus ”Related to task allocation”). Effectiveness, defined as the extent to which 
the answer is adequate to accomplish a purpose, was rated on a scale from 1-5 (”Not at all 
effective” to “Very effective”). Realism, defined as the extent to which the answer is based on 
what is real or practical, was rated on a scale from 1-5 (”Not at all realistic” to “Very realistic”). 
Specificity, defined as the extent to which the answer is clearly and exactly presented or stated, 
was rated on a scale from 1-5 (“Not at all specific” to “Very specific”). 
As in Khatri et al. (2006), the coders were provided with a coding manual that contained 
background information about the study (without detailing the objectives), general information 
on coding, information about the coding procedure and several examples. The coders were 
trained in the use of the coding manual prior to the coding. 
The coders first coded a randomly selected subset of the responses. We then met with the 
coders individually to discuss the results and clarify the instructions. This procedure was 
repeated once more before the coders evaluated all responses. After the coding, the coders met 
to discuss their results and resolve any differences to arrive at a consensus. 
The interrater reliability of the coders was assessed using raw agreement, Cohen’s kappa 
(Cohen 1960), Weighted kappa (Cohen 1968), and Intraclass Correlation Coefficient (Shrout 
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and Fleiss 1979). The results were appropriate (raw agreement task 1: 0.98 / task 2: 0.93; 
Cohen’s kappa 0.98 / 0.89; Weighted kappa 0.99 / 0.92; ICC 0.99 / 0.93). 
These codes formed the basis for three measures of affordance actualization. First, we 
calculated the average number of task allocation-relevant answers that a participant gave across 
the two tasks (based on the binary coding variable “task allocation-relatedness”) as average 
task allocation fluency (AVG TA fluency). Second, we calculated the average quality of all 
answers that relate to task allocation (based on the average of the coding variables 
“Effectiveness”, “Realism”, and “Specificity”) as average task allocation answer quality (AVG 
TA answer quality). Third, we compared the number of answers relevant to task allocation with 
the overall number of answers that participants gave as the average ratio of task allocation 
fluency to creative problem-solving fluency (AVG ratio TA / CPS fluency). We do not offer 
separate hypotheses for each one of our three measures of affordance actualization, nor do we 
do so (as noted above) for the two tasks. Rather, we focus on the overall result, combining the 
different measures and tasks to provide a more comprehensive picture of the overall effect.  
ANALYSIS AND RESULTS 
Our analysis consisted of four steps. We first conducted manipulation checks. Second, we 
examined the characteristics of the data and descriptive statistics. Third, we evaluated the 
reliability and validity of our scales. Fourth, we tested our hypotheses around affordance 
perception and affordance actualization. All tests were conducted with SPSS Version 22.0. 
Manipulation checks 
We included a question (“To what degree did you rely on…”) to check participants’ 
engagement with the process models and external information, measured using a 7-point Likert 
scale. We expected at least moderate agreement in each group, and similar levels of engagement 
between groups. The group means showed a satisfactory engagement with the process models 
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(MG1 = 4.08; MG2 = 3.14; MG3 = 3.70; MG4 = 3.27), with no significant group differences (p = 
0.66). Engagement with the external information was lower (MG1 = 2.08; MG2 = 2.14; MG3 = 
2.14; MG4 = 2.52), but again, there were no significant group differences (p = 0.39). We return 
to the lower engagement with external information later, when we discuss our results.  
Next, we tested our treatments. To test whether our manipulation of symbolic expressions 
was successful, we asked participants about the number of swim lanes in the process model. 
The group means (MG1 = 1.17; MG2 = 3.14; MG3 = 3.70; MG4 = 3.27) show the expected 
difference between Group 1 that received a process model without swim lanes and Groups 2-4 
that received a process model with three swim lanes. ANOVA tests with contrasts confirmed 
significant differences between the swim lane groups and the group without lanes (p = 0.00). 
To test if our manipulation of external information was successful, we compared the level 
of agreement (7-point Likert scale) of participants in Group 2 (incorrect information) and Group 
4 (correct information) with the statement “Swim lanes can be used to prioritize the tasks in a 
process.” We expected the level of agreement of Group 2 to be stronger than Group 4, as Group 
4 received a text describing how swim lanes are used for task prioritization. An independent 
samples t-test showed that Group 2 scored higher (M = 4.24) than Group 4 (M = 3.85), as 
expected, but the difference was not significant (p = 0.09). Thus, the manipulation of the 
external information was not quite as strong as expected. We continue to discuss this issue 
below. 
Data screening 
We show our descriptive statistics in Table 3 and our correlation matrix in Table 4. Some 
results deserve note. First, we note from Table 3 that affordance perception and affordance 
actualization scores appear to vary substantially between the experimental groups whereas the 
other variables do not. This suggests that our randomization was effective. Second, there 
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appears to be sufficient variation in the individual-level variables (e.g., modeling ability, 
learning and performance goal-orientation and model comprehension). Standard deviations 
across the groups in most cases exceed one unit, suggesting sufficient variation of the within-
subject measures. Third, affordance perception and affordance actualization are correlated 
significantly, as per our predictions. We also note that learning goal-orientation shares a 
significant correlation with affordance perception, whereas performance goal-orientation does 
not. This, too, is at least partly in line with our hypotheses. Finally, contrary to expectations, 
modeling ability and cognitive load did not correlate significantly with any of our dependent 
variables. We examine these results further below. 
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Table 3: Descriptive statistics. 
  
No lanes 
(N=24) 
Incorrect info 
(N=21) 
Irrelevant info 
(N=23) 
Correct info 
(N=33) 
Construct 
Original 
scale 
M SD M SD M SD M SD 
Affordance 
actualization (R) 
Cont. -0.67 0.72 0.26 1.07 0.04 0.95 0.29 0.97 
Affordance perception 
(R) 
1-7 -0.63 1.23 0.07 0.85 0.11 0.63 0.33 0.95 
Modeling ability 0-10 5.79 1.67 5.14 1.88 5.57 1.47 5.39 1.85 
Performance goal-
orientation 
1-7 5.30 1.08 5.49 1.20 5.62 1.05 5.33 1.30 
Learning goal-
orientation 
1-7 6.17 0.64 5.96 1.12 5.82 0.86 6.11 0.64 
Domain knowledge 1-7 3.15 1.32 2.82 1.20 3.33 1.21 2.61 1.09 
Model comprehension 0-6 4.71 1.08 4.45 1.06 4.65 1.15 4.64 1.22 
Modeling experience Cont. 3.79 5.34 4.18 6.42 3.26 6.17 2.15 2.75 
Frequency of model 
use 
1-7 3.13 0.99 2.82 0.91 3.04 1.22 3.00 1.12 
Self-efficacy 1-5 3.72 0.44 3.58 0.43 3.40 0.56 3.55 0.57 
Cognitive load 1-5 2.46 0.73 2.43 0.53 2.45 0.91 2.42 0.76 
Key: R: Values for these constructs reflect total factor scores of the items standardized to a mean of zero. 
 
Table 4: Construct correlations. 
 Construct 1 2 3 4 5 6 7 8 9 10 11 
1. Affordance perception 1                     
2. Affordance actualization 0.24* 1                   
3. Performance goal-orientation 0.00 -0.10 1                 
4. Learning goal-orientation 0.21* -0.11 0.10 1               
5. Domain knowledge -0.01 -0.17 -0.01 0.17 1             
6. Self-efficacy 0.12 0.01 0.02 0.25 0.13 1           
7. Cognitive load 0.01 -0.17 -0.04 -0.05 0.03 -0.15 1         
8. Modeling experience -0.12 0.11 -0.20 -0.14 0.18 0.07 -0.18 1       
9. Frequency of model use -0.06 -0.08 -0.33 0.00 0.16 0.20 -0.08 0.24 1     
10. Modeling ability -0.11 0.09 -0.35 -0.06 0.01 -0.06 -0.12 0.19 0.09 1   
11. Model comprehension -0.06 0.18 0.03 -0.13 -0.02 0.18 -0.21 0.31 0.05 0.09 1 
Key: * correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the 0.01 level (2-tailed)). 
 
Reliability and validity 
We started our tests of reliability and validity by checking our newly developed scales for 
affordance perception and affordance actualization. To that end, we ran a principal component 
analysis on the five items of the affordance perception scale and on the three items of the 
affordance actualization measure (AVG TA fluency, AVG TA answer quality, AVG ratio TA 
/ CPS fluency). For affordance perception, four items were retained after eliminating one 
problematic item (“The process model allows me to add actors to and remove actors from the 
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process”). The remaining items converged with an average factor loading of 0.80 (all factor 
loadings > 0.76). For affordance actualization, all three measures were retained. The items 
converged with an average factor loading of 0.94 (all loadings > 0.93). We computed 
standardized total factor scores for both scales, which we used for hypothesis testing. 
Next, we examined average factor loadings and Cronbach's α values for all multi-item 
constructs used in the experiment to assess their validity and reliability. Table 5 gives the 
results. All measures behaved appropriately (Cortina 1993; Kline 2000; Stevens 2012). We 
therefore began testing our hypotheses, discussed next. 
Table 5: Analysis of multi-item scales. 
Construct No. of items Av. factor loading Cronbach's α 
Affordance actualization 3 0.94 0.93 
Affordance perception 4 0.80 0.81 
Performance goal-orientation 4 0.81 0.82 
Learning goal-orientation 7 0.82 0.90 
Domain knowledge 3 0.92 0.91 
Self-efficacy 4 0.66 0.75 
Cognitive load 3 0.82 0.74 
 
Hypotheses testing 
We present this section in two parts. First, we test the hypotheses that involve affordance 
perception. Second, we test the hypotheses around affordance actualization. 
Test of affordance perception 
The aim of these tests is to examine the effects of affordance information (swim lanes and 
external information) on affordance perception (H1-4). For this, we first conducted an analysis 
of covariance (ANCOVA) with the covariates modeling ability, performance goal-orientation, 
and learning goal-orientation as the relevant within-subject factors for our study. The dependent 
measure was the total factor score for affordance perception.  
Table 6 shows the average affordance perception scores (M) and standard deviations (SD) 
across all participant groups while Table 7 shows the ANCOVA results (per Hair et al. 2010). 
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The results in Table 7 show that there is a significant effect of our treatment on affordance 
perception, while the results in Table 6 show that the effects were in the expected directions. In 
particular, affordance perception was consistently higher for process models with swim lanes 
than without. It was also higher when correct rather than incorrect or irrelevant information was 
provided, and it was higher when irrelevant rather than incorrect information was provided.  
 
Table 6: Means and standard deviations for affordance perception. 
Group Type N M SD 
1 
No swim lanes 
24 -0.63 1.23 
Irrelevant information 
 Swim lanes    
2 Incorrect information 21 0.07 0.85 
3 Irrelevant information 23 0.11 0.63 
4 Correct information 33 0.33 0.95 
  
Table 7: ANCOVA test results for affordance perception. 
Factor df F Sig. 
Partial η2 
(effect size) 
Between-subjects 
Affordance information 3 5.46 0.00 0.15 
Learning goal-orientation [covariate] 1 6.47 0.01 0.06 
Affordance information * modeling ability 3 0.78 0.51 0.02 
Affordance information * performance goal-orientation 3 0.35 0.79 0.01 
Affordance information * learning goal-orientation 3 0.30 0.83 0.01 
Error 95    
 
Next, we conducted contrast tests and pairwise comparisons to determine how groups 
differed. Overall, we found that groups with swim lanes (Groups 2-4) had a significantly higher 
(p = 0.00) affordance perception score than the group without swim lanes (Group 1). Groups 1 
and 3 (p = 0.02) and Groups 1 and 4 (p = 0.00) differed significantly, while Groups 1 and 2 (p 
= 0.05) did not. These results support H1. However, we found that Groups 2 and 4 (p = 0.95) 
and Groups 3 and 4 (p = 1.00) did not differ significantly, providing no support for H2a and 
H2b. This could potentially be due to the treatment for external information not being strong, 
as noted earlier. While we did not make a prediction for the difference between irrelevant and 
incorrect information, we found no significant difference between Groups 2 and 3 (p = 1.00). 
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Turning to H3 and H4, Table 8 summarizes affordance perception levels for each of the 
proposed moderating effects (modeling ability, learning goal-orientation and performance goal-
orientation). Modeling ability increased the effect of affordance information on affordance 
perception, but only for the group without swim lanes (Group 1). Learning goal-orientation 
increased the effect of affordance information on affordance perception for the groups with 
incorrect information (Group 2) and irrelevant information (Group 3), but interestingly had the 
opposite effect for the group with correct information (Group 4). Performance goal-orientation 
had only a negligible effect. However, despite the expected directionality, Table 7 shows that 
there were no significant interaction effects of the covariates with the treatment, and no 
significant effect on the dependent measure. Thus, there was no support for H3 and H4. 
 
Table 8: Means for affordance perception for interaction effects. 
 
No lanes 
(N=24) 
Incorrect info 
(N=21) 
Irrelevant info 
(N=23) 
Correct info 
(N=33) 
No interaction -0.63 0.07 0.11 0.33 
Interactions 
Affordance information * modeling 
ability 
-0.56 0.07 0.11 0.33 
Affordance information * performance 
goal-orientation 
-0.64 0.06 0.13 0.33 
Affordance information * learning goal-
orientation 
-0.64 0.09 0.18 0.29 
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Test of affordance actualization 
In our second analysis, we tested the effect of affordance perception on affordance 
actualization (H5) as well as the moderation effect of cognitive load (H6). Recall, we argued 
that affordance perception would have a positive effect on affordance actualization, and that 
this effect would be stronger when more affordance information is provided. To test this, we 
first considered the average affordance actualization scores and standard deviations (see Table 
9).  
Table 9: Means and standard deviations for affordance actualization. 
Group Type N M SD 
1 
No swim lanes 
24 -0.67 0.72 
Irrelevant information 
 Swim lanes    
2 Incorrect information 22 0.26 1.07 
3 Irrelevant information 23 0.04 0.95 
4 Correct information 33 0.29 0.97 
 
We then performed a linear regression (see Table 10) with affordance perception as the 
independent variable and affordance actualization computed with the regression method as the 
dependent variable. The results showed that affordance perception was a significant predictor 
of affordance actualization, thereby supporting H5.  
 
Table 10: Regression results for affordance perception and affordance actualization. 
 
 
 
In the next step, analogous to our approach for affordance perception, we examined the 
effects of affordance information (swim lanes and affordance-related text information) on 
affordance actualization. We conducted an analysis of covariance (ANCOVA) with affordance 
information as the independent factor and affordance perception and cognitive load as 
covariates. The dependent measure was the total factor score of affordance actualization 
computed with the regression method. For this test, the ANCOVA results (Table 11) show that 
there was a significant effect of affordance information on affordance actualization. The mean 
affordance actualization scores (shown in Table 9) were also in the hypothesized direction. 
Model 
Standardized coefficients 
t Sig. 
Beta 
(Constant)  0.00 1.00 
Affordance perception 0.24 2.45 0.02 
Model: R2 = 0.06; F = 5.98; p = 0.02 
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Follow-up tests indicated that the groups with swim lanes, i.e., Groups 2 (p = 0.00), 3 (p = 0.03), 
and 4 (p = 0.00) had a significantly higher affordance actualization score compared to the group 
without swim lanes (Group 1). Meanwhile, Groups 1 and 2 (p = 0.01) and Groups 1 and 4 (p = 
0.01) were significantly different, while Groups 1 and 3 (p = 0.17), 2 and 3 (p = 0.82) and 3 and 
4 (p = 0.93) were not. Overall, therefore, there was no significant interaction effect of 
affordance perception with the treatment, or of affordance perception with cognitive load, 
providing no support for H6.  
Table 11: ANCOVA test results for affordance actualization. 
 df F Sig. 
Partial η2 
(effect size) 
Between-subjects 
Affordance information 3 4.53 0.01 0.13 
Affordance perception [covariate]  1 0.01 0.94 0.00 
Cognitive load [covariate] 1 2.99 0.09 0.03 
Affordance perception * affordance information 3 0.40 0.75 0.01 
Affordance perception * cognitive load 1 0.33 0.57 0.00 
Error 91    
 
 
DISCUSSION 
We first summarize our results and their implications and then acknowledge limitations of 
our study that should be borne in mind. 
Summary of results and their implications  
Table 12 summarizes our results. The pattern of results is quite consistent in that 
symbolic expressions (i.e., swim lanes) appeared to matter, while external information did 
not. Ability and goal-orientation appeared to matter to a lesser extent, but not consistently so. 
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Table 12: Insights gained on hypotheses. 
# Hypotheses Results Interpretation 
1 
Swim lanes will increase affordance 
perception. 
Swim lanes lead to a significantly higher 
affordance perception score compared to 
no swim lanes. 
The results suggest that symbolic 
expressions do indeed convey an 
affordance to model users. 
2a 
Correct external information will 
increase affordance perception more 
than incorrect information does. 
The groups with correct information had a 
higher affordance perception score 
compared to the groups with incorrect 
information, but not significantly so. 
The results suggest that model 
users’ perception of an affordance 
does not depend on the quality of 
external information. 
2b 
Correct external information will 
increase affordance perception more 
than irrelevant information does. 
The groups with correct information had a 
higher affordance perception score 
compared to the groups with irrelevant 
information, but not significantly so. 
3 
Modeling ability will increase the 
effect of affordance information on 
affordance perception. 
Modeling ability increased the effect of 
affordance information on affordance 
perception for the group with swim lanes, 
but not significantly so. There was no 
effect for the groups with swim lanes. 
The results suggest that the 
perception of an affordance does 
not depend on model users’ ability 
to read and interpret process 
models. 
4a 
Learning goal-orientation will 
increase the effect of affordance 
information on affordance 
perception. 
Learning goal-orientation increased the 
effect of affordance information on 
affordance perception for the groups with 
incorrect information and irrelevant 
information, and decreased the effect of 
affordance information on affordance 
perception for the group with correct 
information, but not significantly so. 
The results suggest that the 
perception of an affordance does 
not depend on model users’ levels 
of goal-orientation. 
4b 
Performance goal-orientation will 
increase the effect of affordance 
information on affordance 
perception. 
  
Performance goal-orientation did not 
influence the levels of affordance 
perception. There was no interaction 
effect. 
5 
Affordance perception will increase 
affordance actualization. 
Affordance perception significantly 
predicted affordance actualization. 
The results suggest that model 
users that identify an affordance 
are also more likely to actualize 
that affordance. 
6 
Cognitive load will decrease the effect 
of affordance perception on 
affordance actualization. 
Cognitive load did not influence the levels 
of affordance actualization. There was no 
interaction effect. 
The results suggest that actualizing 
an affordance does not depend on 
the model user’s perceived 
actualization effort. 
 
We believe three broad implications flow from these results. First, our findings have 
implications for conceptual modeling in practice. We examined what happens after a CM has 
been interpreted by a user and how it is being used in an actual analysis and redesign task. To 
date, much research has assumed that users will be able to perform their tasks if they are able 
to interpret a diagram completely and easily; however, we have developed a more fine-grained 
understanding of this process. Specifically, our results show that factors such as modeling 
ability or model comprehension have little or no bearing on task performance. Instead, our 
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findings highlight the prominent role of CM design choices as they relate to providing symbolic 
expressions in a CM that are specific to the task at hand. This finding implies that CM designers 
need to have a good understanding of the future CM use contexts in which their artifacts will 
be deployed. This understanding will help designers in creating CMs that convey symbolic 
expressions. These symbolic expressions offer specific and relevant action-possibilities to CM 
end-users. Thus, our research suggests that syntactic and semantic quality of a CM may be of 
less relevance when evaluating how “good” a CM is, and that pragmatic considerations may be 
paramount (Recker 2007). 
Second, our research also has implications for conceptual modeling research. To date, 
much of the research has examined CMs with the view to providing advice in relation to design 
choices when developing CMs, such that models are more understandable – e.g., research that 
builds on ontological principles (e.g., Burton-Jones and Meso 2008; Shanks et al. 2008). 
Although such research could be very useful, our findings indicate that design choices should 
not be evaluated simply in terms of semantics per se, but primarily with regards to the ability 
of users to identify the action potential of these semantics, and possibly to guide users to the 
appropriate (or desired) actions when using these models, through the symbolic expressions 
that the CM conveys. 
This leads to several interesting questions: For which affordances should CMs be designed, 
and for which use purpose? What are appropriate symbolic expressions for specific 
affordances? Can symbolic expressions for a specific affordance be improved, e.g., by altering 
semantic and syntactic properties of CM constructs (Burton-Jones et al. 2009) or by altering the 
visual notation of constructs (Moody 2009)? How can model user characteristics be 
manipulated to achieve more effective perception and use of symbolic expressions? How do 
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the interactions between multiple forms of symbolic expressions work in affordance perception 
and actualization? 
Our results further suggest that user ability, operationalized in our study as modeling 
ability, may not be the most appropriate measure of ability as relevant to conceptual modeling, 
despite its successful use in previous empirical process modeling research. Model use, as 
opposed to only model design or model interpretation, seems to be a more complex task that 
requires a more complex measure of ability than a user’s ability to interpret grammatical 
constructs.  
Future research, therefore, should investigate the influence of cognitive user abilities 
beyond or in combination with modeling ability. Existing studies in this area have, for instance, 
taken into account abstraction and selection ability (Recker et al. 2014). 
Our study also has implications for conceptual modeling research that arise due to the new 
instruments that we developed to appropriately measure concepts of relevance to our study (i.e., 
affordance perception and affordance actualization). Future research may now build upon our 
work, for instance, by examining the same set of models and the same set of tasks using 
alternative theoretical lenses or alternative measurements for different concepts. 
Finally, our study offers implications for affordances research. We designed our study such 
that we are able to instantiate and examine key concepts from affordance theory within one 
substantive context – CM use. Our results show that symbolic expression is an important 
concept for affordances in general, and for CM affordances in particular. However, we also 
found that other concepts discussed in the affordances literature appear to be less relevant to 
affordances of CMs. Notably, user ability and goal-orientation were shown neither to 
significantly influence affordance perception nor actualization. This finding provides two 
specific avenues for future research. One avenue would be to consider alternative 
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operationalizations of these concepts to establish whether our results were a function of research 
design rather than theory. A second avenue would be to consider additional beliefs and 
characteristics of either objet or user that influence affordance perception and/or actualization. 
For instance, Chemero (2003) suggests that affordances are perceived in relation to their 
environment and that therefore affordances may depend on appropriate feature placing. The 
linkage between affordance perception and actualization, likewise, might be dependent on the 
type of affordance that is offered by an object in relation to its user. For instance, sensory 
affordances might not be as relevant to an analysis or design task as cognitive or functional 
affordances (Hartson 2003). Therefore, users may choose not to actualize a particular 
affordance even if they perceive it. 
We furthermore chose an affordance that we expected to emerge for model users – task 
allocation. Still, we believe that our proposed theory could also hold for unexpected 
affordances. How such unexpected affordances emerge, how they can be identified, and what 
impacts they have in isolation and compared to anticipated affordances, should be explored in 
future research. 
Limitations 
Our study has several limitations. First, we used only two models as treatments. In 
principle, we could have considered a more varied selection, such as those created using 
different modeling grammars (e.g., EPCs, Scheer 2000), with different degrees of abstraction 
or complexity (Polyvyanyy et al. 2010), or representing different processes or domains. We 
also limited our study to process models rather than other types of CMs, such as data models 
(Chen 1976) or UML diagrams (Dobing and Parsons 2006). This limits the external validity of 
our findings. However, experimental research is unable to examine a number of models large 
enough to adequately represent conceptual modeling practice. Other conceptual modeling 
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studies share this limitation (e.g., Burton-Jones and Meso 2008; Parsons 2011; Recker 2013; 
Shanks et al. 2008). 
Second, experiment participants were university students. We are aware of the limitations 
of student subjects (Compeau et al. 2012) and the potential issues for generalizing our findings 
to highly experienced model users in practice. Apart from the factor modeling experience, our 
sample is comparable to the intended population (e.g., in terms of cognition, educational 
background and modeling knowledge). Furthermore, we designed our experiment to test our 
theory of CM affordances. Even if the conceptual modeling experience of students is limited, 
we still detected differences in CM interpretation and use. This suggests that using students still 
provided an adequate test of our theory, with the added benefit that it is much easier to recruit 
student participants. Nevertheless, it is possible that our treatments could have been 
manipulated more strongly (especially for external information) and that we could have 
engaged our participants more in the study (e.g., through incentives).  
Third, we examined one specific type of affordance that we expected to emerge (task 
allocation) and one specific type of task (creative problem-solving) – however, in two variations 
of salience of the affordance to the task. It is not possible for us to make statements about other 
affordances, or perhaps even hidden affordances (Gaver 1991). Furthermore, we do not know 
about the action-possibilities for other types of tasks, such as model design tasks. Still, our 
results show that an affordance lens is suitable to examine conceptual modeling practices and 
outcomes. Therefore, increasing the variety in affordances and task settings in future conceptual 
modeling studies is a logical continuation of our work, as would be future research on different 
conceptual modeling use settings and task requirements. 
Fourth, our approach of measuring abilities and goal-orientation has limitations. We use 
an established, but potentially limited operationalization of user ability relevant and specific to 
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the conceptual modeling context (modeling ability). Other abilities may also be relevant to this 
setting, such as abstraction or selection ability as examples of cognitive abilities (Recker et al. 
2014). Finally, we examined user goals through individuals’ goal-orientation, which is but one 
way to measure how goals and the attitude towards goals of individuals influence behaviors. 
One potential interpretation of our results is therefore that our choice of operationalization was 
inappropriate. This, too, calls for further empirical testing.  
CONCLUSIONS 
Our study examined the factors that influence the appropriate use of CMs. We focused on 
two primary aspects: affordance information that suggests action-possibilities for CM use, and 
the goals and abilities of the CM users. We found that model use can be interpreted as occurring 
in two stages: affordance perception and affordance actualization. Both are determined by the 
information about affordances as conveyed through symbolic expressions and – to a lesser 
extent – external information. Contrary to our expectations, we found that user abilities and 
goal-orientation do not significantly influence affordance perception or actualization processes. 
Overall, our findings suggest that taking an affordances perspective on conceptual modeling 
practices is a fruitful avenue to develop an understanding of the processes and outcomes that 
relate to individuals’ use of models over and above their ability to interpret such models. 
Through this research, and the work that should follow our inquiry, we believe that the value 
of conceptual modeling research can be greatly advanced by developing a theory of action that 
offers both pragmatic and specific advice on how to best engage in conceptual modeling such 
that greater and continued benefits ensue from their use.  
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C. Contributions 
In this section, I discuss the contributions of my thesis. First, I briefly recapitulate the 
individual contributions from the three papers that form the body of this thesis (Sections C.1 – 
C.3). Figure 6 visualises the high-level contributions that emerge from each of the three papers. 
Next, I discuss the overarching contributions that emanate from the combination of the three 
papers in a mixed methods program (Section C.4). 
 
 
Figure 7: High-level areas of contribution of the three papers in this thesis.  
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C.1 Contributions of Paper 1 – Affordances in Information Systems: 
Theory Development and Recommendations for Future Research 
The motivation for Paper 1 was to address my first research question (i.e., “How do the 
processes of affordance emergence, affordance perception, and affordance actualisation work 
for IS artefacts, such as process models?”). Paper 1 gives an answer to this research question 
and provides the following contributions. 
First, it describes the development of a comprehensive framework of IS affordances. This 
framework contains the key concepts of affordances theory – affordance emergence, perception 
and actualisation. It also contains three relational concepts (that is, they exist in the relationship 
between an object and its user); functional affordances, symbolic expressions, and external 
information. Furthermore, it contains two concepts that influence affordances – the context in 
which an affordance is situated, and the expected net value of affordance actualisation (i.e., 
considerations of the expected costs and benefits associated with actualising an affordance). 
The framework can be briefly summarised as follows. Affordances emerge in the 
relationship between an object and its user. Information about an affordance (from the object 
or from external sources) leads to affordance perception. Affordance perception then allows for 
affordance actualisation. This relationship is however influenced by the net value that the 
object’s user expects from affordance actualisation. The actualisation of an affordance and the 
experience of the related consequences can lead to changes to the object, to its user, or to both 
– which in turn lead to changes to affordances. 
Second, the development of this framework is based on a literature review of IS 
affordances research. This review showed that the use of important concepts of affordances 
theory was so far limited, that these concepts have been at times misinterpreted, and that there 
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is a lack of quantitative affordances studies in IS. Other fields such as psychology have a richer 
quantitative tradition of affordances research to draw on. 
Third, the paper offers five recommendations about how the framework can address the 
identified conceptual and methodological challenges in existing IS affordances research, and 
support future studies on IS affordances by applying and extending the proposed framework. 
These recommendations consist of the need to triangulate data from perceptual and objective 
sources, to use quantitative research designs such as experiments, to limit the scope of the 
objects under examination, to consider the context in which affordances are situated, and to 
study multi-level affordances. 
C.2 Contributions of Paper 2 – A Longitudinal Case Study on the Design 
and Use of Process Models from an Affordances Perspective 
The motivation for Paper 2 was to address my second research question (i.e., “How are 
intended affordances designed by process modellers, and actualised by process model users?”). 
Paper 2 answers this research question and provides the following contributions. 
First, the study provides rich insights into how process models can be designed for 
affordances, and how these affordances are actualised in practice. This relates to the use of 
modelling constructs, such as routing symbols and task labels, but also the characteristics of the 
model designer – such as being able to envisage the future user and use scenario – and the later 
model users – such as his/her ability to read and understand process models. 
Second, the case study in Paper 2 is a unique combination of the two phases of process 
model design and model use, which were usually examined independently in previous research. 
This combination allowed for the investigation of whether or not model design decisions 
actually matter in the later use stage, and to what extent. 
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Third, the results suggest that this combination of design and use phase is important for 
affordances research, as designed and intended affordances are not automatically perceived or 
actualised, and observed behaviours by model users are not always in line with the original 
intentions. 
 Fourth, the study led to the identification of four important affordances relevant to system 
development projects in practice – that is, affordances for assessing the impact of process 
redesign options, for ensuring compliant employee behaviour, for empowering employees in 
their individual decision-making, and for spanning boundaries within the organisation. 
Furthermore, our approach of affordance identification is outlined in the paper and can therefore 
be used in future studies investigating object-user interactions through an affordances lens. 
C.3 Contributions of Paper 3 – What Do Models Really Offer to Users? 
An Experimental Study of the Perception and Actualization of 
Affordances from Process Models 
The motivation for Paper 3 was to address my third research question (i.e., “What factors 
influence the perception and actualisation of affordances from process models?”). Paper 3 
answers this research question and provides the following contributions. 
First, this study offers an increased level of detail in examining process model use during 
a practically relevant analysis and redesign task. In doing so, this study moves beyond the initial 
phase of reading and interpreting a process model by its user, which was often the focus in prior 
process modelling research. 
Second, contrary to what much existing research on process modelling states, my study 
results show that the performance of model users in analysis and redesign tasks is not a function 
of modelling ability, model comprehension, or syntactic or semantic model quality. It is instead 
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the symbolic expressions (i.e., the communicative abilities) of a model in relation to its user, 
which are specific to a certain situation involving a certain task, that influence analysis and 
redesign task performance. Thus, in the creation of process models, the phase that precedes the 
use of models, modellers need to be aware of pragmatic considerations, such as the future use 
context of process models, including the future user, to design a process model effectively for 
symbolic expressions and as a consequence, for effective use in process analysis and redesign 
tasks. 
Third, the study shows that modelling ability as measured in previous conceptual modelling 
research may need to be extended to allow for more complex model use scenarios, such as the 
use of a process model for an analysis and redesign task, as opposed to tasks that involve model 
interpretation.  
Fourth, I develop and validate new instruments to measure two core concepts of 
affordances theory – that is, affordance perception and affordance actualisation. The first 
instrument measures to what degree the user of a process model notices the possibilities for 
action that the model provides for him/her. The second instrument measures the actualisation 
of this action-possibility in a task involving the use of the process model. Both measurement 
instruments displayed high reliability and validity. 
Fifth, key concepts of affordances theory were instantiated and tested in the context of 
process model use. While there was support for the important role of symbolic expressions, 
other concepts, such as a user’s modelling ability and goal-orientation, had no significant 
influence on the perception and actualisation of process modelling affordances. 
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C.4 Integrative Discussion of Contributions 
In this section, I offer an integrative discussion of the contributions of this thesis. The 
main contribution is the development of a comprehensive theory of process modelling 
affordances and its empirical validation in a mixed methods program. This theory has at its 
core a conceptualisation of the processes of affordance emergence, perception and actualisation 
in the context of process modelling, and the factors that influence these processes. 
In the following, I discuss further contributions that stem from the comvination of the 
three papers in my thesis. I categorise these as contributions to domain (i.e., contributions to 
process modelling research and practice), theory (i.e., contributions to affordances theory), and 
method (i.e., contributions to full-cycle, mixed methods research using experiment and case 
study). 
C.4.1   Contributions to Process Modelling 
My thesis contributes to process modelling research and practice (contributions # 1 – 5 
in Table 3 below) in the following ways. First, this thesis is the first empirical study of process 
modelling from three combined perspectives: (1) the examination of the design of process 
models in a large system development project in practice, (2) the examination of the use of 
these process models in the project, and (3) the experimental examination of process model use 
in process analysis and redesign tasks. Thus, in my overall research, I differentiate between 
model design and model use as two distinct, but highly interrelated phases. In combining these 
different perspectives, my thesis offers a broader view of process modelling phenomena which 
is more closely aligned to actual modelling practice, as compared to studies of, for instance, 
model design, model comprehension, or model use in isolation. This broader view allows for a 
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better understanding of what actually happens to process models after their creation – a phase 
that has typically consumed substantial resources and thus, calls for appropriate returns during 
the later model use stage. Also, examining the use of process models for different tasks (i.e., 
system development in practice and process analysis and redesign in the laboratory) gives richer 
insights into how the process of model use works, and what factors influence this process. 
Second, my thesis also sheds light on how process models are designed for intended 
symbolic expressions and affordances to emerge for future model users, and to guide users in 
their actions and behaviours involving process models in tasks such as system analysis and 
design as well as process redesign. The importance of messages that a process model 
communicates to its users (i.e., its symbolic expressions) is highlighted in the results from my 
experiment. The experiment results show that if a process model is purposefully designed for 
intended symbolic expressions (i.e., swim lanes in a BPMN process model), this supports the 
perception and actualisation of action-possibilities (i.e., task allocation affordance) for future 
model users. 
Third, my thesis provides insights on the measurement of existing process modelling 
concepts. One recurring element of existing research on process modelling has been the ability 
of model users to read and understand models. The influence of the model user’s theoretical 
process modelling knowledge as independent or control variable on, for instance, model 
comprehension has been investigated in a number of studies (e.g., Khatri et al. 2006; Mendling 
et al. 2012; Recker 2013). It was found that modelling ability plays an important role for how 
successful people can read and understand process models. While modelling ability has been 
shown to be of some influence in my case study – that is, expert model users were more likely 
to perceive and actualise an affordance related to process models as compared to novices – 
results from the experiment somewhat contrast this view. Specifically, I did not find evidence 
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for the importance of modelling ability (operationalised as an individual’s knowledge of 
fundamental concepts of modelling) for how model users perceived or actualised affordances 
in the experiment. Thus, while modelling ability certainly remains an important variable in 
process modelling research, particularly in tasks relating to model comprehension, scholars may 
have to rethink what “ability” actually means for the process modelling domain beyond 
comprehension tasks. There may be a need for a reconceptualisation of modelling ability for 
certain tasks (i.e., more complex model use tasks such as process analysis and redesign). Based 
on this, researchers can begin to offer better guidance for process modelling practitioners, such 
as appropriate training to increase user abilities. 
Fourth, by identifying enablers and inhibitors of process modelling affordances 
perception and actualisation, my work can support organisations to be more effective in their 
process modelling endeavours. For instance, organisations can influence the model design and 
use contexts to support the emergence of enabling factors, and to suppress the emergence of 
inhibiting factors. 
C.4.2   Contributions to Affordances Theory 
My thesis makes contributions to affordances theory (contributions # 6 – 9). First, I 
instantiate and examine important affordances concepts in the process modelling context, using 
case study and experiment. In doing so, I show that (1) an affordance lens is suitable to provide 
rich insights into process modelling-related phenomena; (2) affordances are an appropriate 
theoretical lens for both qualitative (i.e., case study) and quantitative (i.e., experiment) studies; 
and (3) affordances theory offers a suitable vocabulary to study both important phases of 
process model design and model use. 
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Second, I identify and examine the role of enablers and inhibitors for core affordances 
processes, in particular for affordance perception and actualisation. Examples are model-related 
factors that lead a model user to not perceive an existing affordance, or context factors that lead 
a model user to not actualise an affordance. Thus, I further develop affordances theory and 
show how it can be used to study the use of technological artefacts.  
Third, both the experiment and the case study show from different perspectives and in 
different use contexts that symbolic expressions play an important role for affordance 
perception and actualisation, thus confirming the importance of this concept for affordances 
theory. 
Fourth, I found that other concepts of affordances theory that also should play an 
important role actually do not. In particular, contrary to my expectations, user ability, goal-
orientation and affordance actualisation effort had little influence on affordance perception and 
actualisation and thus, seem to be of less relevance for affordances theory. 
C.4.3   Contributions to Methodology 
My thesis also makes contributions in terms of methodology (contributions # 10 – 13). 
First, this thesis provides detailed recommendations to increase the quality of future IS 
affordances research relating to the application and the extension of my proposed framework, 
using qualitative and quantitative means of examination. These recommendations were derived 
from challenges that were identified in existing affordances research, but also from insights and 
experiences that stem from the design and conduct of my own studies, such as the need for 
triangulation of subjective and objective data. 
Second, I have developed and validated two instruments for measuring affordance 
perception and affordance actualisation in the experiment (Paper 3). Measures for affordance 
 228 
 
perception and actualisation are still rare, as of today. Therefore, my instruments provide 
important examples of measures and can be used in future process modelling affordances 
research. 
Third, while my two measurement instruments were used in the experiment (Paper 3), 
their development and validation also involved the case study (Paper 2). The specific context 
and setting of the problem-solving tasks, for instance, was informed by insights from the case 
study. Furthermore, the instruments were tested and validated by domain experts from the case 
organisation. This approach of instrument development (outlined in greater detail in Paper 3 
and the Appendix) is therefore of value for IS scholars that want to conduct quantitative studies 
using an affordances lens. 
Fourth, my thesis shows the importance of combining design and use considerations in 
the examination of IS artefacts, such as process models. In the experiment (Paper 3), the 
development of the treatment materials showed to have important effects on the later use by 
experiment participants in process analysis and redesign tasks. Similarly, the case study (Paper 
2) also showed that the model design activities as part of a system development project 
influenced the later model use stages. Thus, to better understand why certain actions and 
behaviours are observable during the use of IS artefacts, scholars should examine both the 
design and use phases of IS artefacts, including the linkages between the different phases. 
 
Table 3 gives an overview of the contributions of this thesis and shows how they relate 
to the three papers and to the areas of domain, theory, and method. 
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Source of 
contribution 
Area of contribution 
Process modelling domain Affordances theory Method 
Paper 1 
(B.1) 
1. A detailed understanding of 
the prcocesses of affordance 
emergence, affordance 
perception, and affordance 
actualisation relating to IS 
artefacts, such as process 
models, as used by 
individuals. 
6. Consolidated and 
extended affordances 
framework for IS 
artefacts; including, for 
instance, the conceptual 
separation of affordance 
perception and 
actualization. 
10. Detailed recommendations 
to apply and extend the 
proposed affordances 
framework to guide future 
affordances research. 
Paper 2 
(B.2) 
2. Empirical examination of 
process model design and use 
phases in combination, in the 
specific setting of a large 
system development project. 
7. Improved 
understanding of the 
design and actualisation of 
intended affordances from 
process models. 
11. A better understanding of 
the process of affordance 
identification in practice, for 
instance through triangulation 
of (subjective) interview data 
with (more objective) 
observations of model design 
and use instances. 
3. Identification of 
affordances relevant for 
process modelling practice, 
such as the “Ensuring 
Behavioural Compliance” 
affordance. 
Paper 3 
(B.2) 
4. A better understanding of 
the factors that lead people to 
identify action-possibilities 
from process models. 
8. A better understanding 
of the importance of the 
concept of symbolic 
expressions for affordance 
perception, such as 
evidence for the positive 
influence of symbolic 
expressions on affordance 
perception. 
12. Development and 
validation of a measurement 
instrument for affordances 
perception, specific to the 
process modelling context. 
5. A better understanding of 
the factors that lead people to 
perform actions using process 
models. 
9. A better understanding 
of the importance of 
affordance perception for 
affordance actualization, 
such as evidence for the 
positive influence of 
affordance perception on 
affordance actualization. 
13. Development and 
validation of a measurement 
instrument for affordances 
actualisation, specific to the 
process modelling context. 
Table 3: Detailed presentation of the contributions of this thesis. 
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D. Conclusion 
In my thesis, I develop and test a framework of affordance emergence, perception and 
actualisation. Furthermore, I conceptualise affordances related to process modelling. I explain 
causality specific to the process modelling context, but at the same time feel my proposed 
framework is sufficiently generalisable beyond this application area to be of value for other 
areas of IS research, and potentially also for other fields that involve the use of objects. 
In what follows, I discuss limitations that pertain to my thesis (D.1). After that, I outline 
a program of work to build on the findings from my thesis and address its limitations (D.2). 
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A.1 Limitations 
My thesis has seven important limitations, which I will discuss in turn in this section. 
These limitations pertain mainly to theory and methodology. 
First, while an affordance lens can be useful to study process modelling-related 
phenomena, any theoretical lens is partial and fallible and thus restricts research model 
development. 
Second, affordances theory has been previously criticised for its origin in ecological 
psychology, which is arguably quite different to today’s (especially advanced technical) 
objects, people, organisations, and also society as a whole (Kaptelinin and Nardi 2012). 
Nonetheless it can offer a suitable lens for studying modern IT-related phenomena (Markus and 
Silver 2008). 
Third, even though affordances theory seems quite applicable to process modelling, it 
may inhibit the generalisability of my arguments and findings, particularly to other, apparently 
dissimilar IS contexts such as large-scale ERP, CRM, or social media systems. 
Fourth, the scope of my theory development and theory testing is on the individual level 
– that is, the individual user of a process model. This inhibits the generalisability of my findings. 
Other levels of research, including multi-level research, should therefore be considered in future 
examinations of affordances. 
Fifth, the results from my experiment (Paper 3) indicate a number of unsupported 
hypotheses (i.e., the hypotheses 1 and 5 were supported, while the hypotheses 2, 3, 4 and 6 were 
not). This lack of support could be a limitation of measurement (i.e., the chosen 
operationalisations are not appropriate) or of theory (i.e., the theoretical model of affordances 
is inadequate). 
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For instance, the rejected hypothesis 3 is concerned with the influence of the model user’s 
knowledge of fundamental process modelling principles on the relationship between affordance 
information and affordance perception. The ability of the individual that is using an object in a 
goal-directed activity is a core concept in affordance theory (Stoffregen 2000). However, much 
of affordances literature is silent about what the specific ability of relevance in a given situation 
is – or, in fact, what other important user characteristics are (Chemero 2003; Gibson 1979). 
Early affordances research conceptualised user characteristics largely as the physical features 
of the user, such as leg length for stair climbing (Warren 1984). Later studies typically refer to 
some skill in relation to the task at hand, such as stair climbing ability for the affordance of stair 
climbing (Cesari et al. 2003). For users of conceptual models, previous research identified 
modelling ability – the knowledge of the syntax and semantics of a certain model type – as an 
important variable (Khatri et al. 2006; Mendling et al. 2012; Recker 2013; Wand and Weber 
2002). 
A second rejected hypothesis (H4) relates to the influence of performance and learning 
goal-orientation on the relationship between affordance information and affordance perception. 
The role of goals is frequently highlighted in the affordances literature (e.g., Gibson 1979; 
Markus and Silver 2008; Stoffregen 2004). But again, there are no specific recommendations 
in the existing affordances literature as to how this concept should be operationalised. 
Typically, the role of goals is not discussed, apart from simple, task-related goals (e.g., an 
individual is given the task to climb stairs and it is therefore assumed that the individual’s goal 
is to reach the higher level, Cesari et al. 2003; Warren 1984). The chosen operationalisation of 
goal-orientation in the experiment (Button et al. 1996) repesents an established measure of an 
individual’s goals (DeShon and Gillespie 2005), which has been linked to motivation and 
improved task performance (Bandura 1986).  
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While at first glance, modelling ability and goal-orientation seem to be appropriate 
choices to measure user ability and goals, the experiment results suggest that potentially more 
complex measures have to be developed to address the complexity of the model use-situation. 
I elaborate on possible measurement alternatives to those used in the experiment for user ability 
and goals for use in future research in the following section (D.2). Based on this, I believe that 
the lack of support for some of the hypotheses in the experiment constitute limitations of 
measurement rather than of theory; however, this will have to be tested in future studies. 
Sixths, two limitations stem from the identification and examination of one a-priori 
affordance in the experiment. The first limitation relates to the number and type of affordances 
under examination – in the experiment, the focus was on task allocation as the only affordance 
under examination. The second limitation relates to the emergence of this affordance. Based on 
insights from affordances theory, the provided materials and the knowledge and experience of 
the experiment participants, I believe that a task allocation affordance should emerge for the 
model users. However, this is an expectation rather than a fact. This is an inherent problem of 
affordances measurement – the emergence of an affordance can only be studied after its 
actualisation. Prior to that, it remains speculation. However, this speculation is limited by 
certain boundaries. For instance, for a healthy, average adult that faces a regular flight of stairs, 
and given that the situation contains no other obstacles or problems, we can speculate that a 
stair climbing affordance emerges for that person – while for an infant or an elderly person, it 
probably does not (Cesari et al. 2003; Warren 1984). 
Sevenths, my methods are also limited. While case studies maximise realism, they fail to 
satisfy generalisability, as they examine a small number of non-randomly selected situations, 
and precision, as there are a large number of uncontrolled factors that may influence the results 
(Dennis and Valacich 2001; Kerlinger 1986). Furthermore, as qualitative data collection 
 235 
 
methods, observations and interviews can be artificial and intrusive (Myers and Newman 2007). 
Laboratory experiments are also artificial. Results from experiments are often not generalisable 
or realistic; although generalisation can be achieved after an accumulation of studies that vary 
aspects of the research design (Dennis and Valacich 2001). I point out possibilities for such 
studies in the following section. Overall, my thesis involves trade-offs of internal and external 
validity, but I seek to obtain a reasonable balance of the two. 
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A.2 Future Research Directions 
In this section, I outline a research program that builds on the foundation that is provided 
by this thesis and its implications, and that addresses its limitations. 
Further theoretical work can extend the scope of my proposed framework and take a 
different single-level perspective such as the organisational or the group level (e.g., Leonardi 
2013), or a multi-level perspective such as the individual and group level, or the individual and 
organisational level (Bélanger et al. 2014; Burton-Jones and Gallivan 2007). Some of these 
perspectives may require further theorising efforts, before empirical work can address these 
gaps. I discuss different conceptualisations of multi-level affordances in more depth in Paper 1 
(Section B.1). 
An important aspect of future research on affordances in terms of method is an increase 
in quantitative research. The potential research space is defined by the avenues of replication, 
extension, and generation (Berthon et al. 2002). Scholars could replicate my experiment with 
the same key parameters, extend my experiment by altering one or more key parameters while 
holding others constant, or conduct a generation study by changing all key parameters of my 
experiment. This repetition and retesting in an integrated series of studies is important for 
research program development and the systematic accumulation of valid knowledge (Eden 
2002; Lindsay and Ehrenberg 1993; Popper 2005). 
Parameter changes for extension or generation studies can relate to every aspect of 
experiment design, and can also include combinations of parameter changes. Examples are the 
use of a different business domain (e.g., manufacturing) or process (e.g., the ‘goods receipt’ 
process) that is depicted in the model, a different modelling grammar (e.g., EPC), different 
subjects as participants (e.g., experienced practitioners), different model use contexts (e.g., 
system design), different task types (e.g., model design), a different kind of conceptual model 
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(e.g., a data model), or a combination of different kinds of conceptual models (e.g., a process 
model combined with a data model). 
As goals are a key concept in affordances theory (Stoffregen 2004), one specific variation 
of experiment design could be a test of the influence of goal specificity (Locke 1968) on 
affordance perception and actualisation. For instance, given the same treatment materials, for 
one experiment group, a very specific goal could be set (e.g., “Change the allocation of tasks 
to actors in this process model to improve the process!”), while for a second group, a very 
unspecific or no goal at all could be given (e.g., “What can you do with this process model?”). 
In addition to measuring task performance (e.g., in a process redesign task that involves task 
allocation), it would be interesting to examine how the goal-setting processes (Locke and 
Latham 1990; Locke and Latham 2006) work for people that were provided with unspecific 
goals, or no goals at all. Furthermore, the value of combining goal setting with other 
motivational theories has been pointed out previously (Campion and Lord 1982). Thus, future 
studies could also examine the integration of multiple goal-related concepts, such as goal setting 
and goal-orientation, and their influence on task performance. 
Researchers could also study a different (single) affordance, multiple affordances (such 
as a set of affordances related to an electronic health record (EHR) system, Strong et al. 2014), 
consider affordances together with constraints (e.g., Leonardi 2011b), focus on different 
process model properties (such as routing symbols, e.g., Figl et al. 2013b; Recker 2013) that 
allow for the emergence of different symbolic expressions for model users, investigate the 
symbolic expressions in a particular context (such as online shopping, Grange and Benbasat 
2010) and their appropriateness of for a particular affordance, and look into ways to improve 
affordance perception through “better” symbolic expressions for users (e.g., changing the 
model or changing model user characteristics). 
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In terms of measurement, scholars could reuse my newly developed measures for 
affordance perception and affordance actualisation in future process modelling studies. Also, 
these measures could be revised to suit different domains (e.g., relating to the use of other 
conceptual models, or different types of IS artefacts) or other tasks. Furthermore, future wok 
could use different concept operationalisations for affordance perception and actualisation, but 
also other elements of affordance theory. In their efforts, researchers could be supported by the 
approach I followed during instrument development, as outlined in Paper 3 (B.3). 
Different operationalisations could also be used in future research for other concepts to 
extend or replace the established instruments for user ability and goal-orientation as used in my 
experiment. Especially considerations of general (e.g., Ekstrom et al. 1976) or modelling-
specific cognitive abilities (e.g., Recker et al. 2014), independently or combined with skills in 
modelling (Mendling et al. 2012) as a more complex measure of user ability, seems a 
particularly promising avenue for future work. Related to abilities, it would be of interest for 
process modelling practice to understand the ways in in which modellers can better design a 
model for future action-possibilities; and how model end-users can be educated to better 
perceive and actualize such action-possibilities. 
Another aspect is the measurement of time. It would be interesting to examine, in an 
experimental setting, how the perception of affordances changes (e.g., increases) over time as 
the participant explores the environment in general (Neisser 1976), and the situation at hand 
involving a certain object in particular (Gaver 1991). Also, quicker identification of an existing 
affordance or quicker task completion (i.e., affordance actualization) could be a different way 
to look at “user ability”. However, the speed of task completion should be considered together 
with the quality of the task output (Benbasat and Schroeder 1977; Jarvenpaa et al. 1985). 
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Hidden affordances (Gaver 1991), a type of affordances not explicitly studied in my 
experiment, is another part of affordances theory that deserves further attention. Hidden 
affordances describe possibilities for action that are not readily perceived by users of an object. 
One possibiliy of operationalising such a hidden affordance could be to provide users of an 
object with information about an existing affordance, but “hide” that information in large 
amounts of irrelevant information. As the information processing ability of individuals is 
limited (Miller 1956), this information overload (Eppler and Mengis 2004) may lead users to 
be unable to select relevant information required for perceiving and actualising that affordance. 
Finally, other relevant theoretical lenses and theories could be tried to examine process 
modelling-related phenomena. Other theoretical perspectives could offer confirming, 
complementing, expanding, or contrasting perspectives on the use of IS artefacts, such as 
process models. 
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E. Appendix 
In the appendix, I present additional materials relating to the case study (E.1) and the 
experiment (E.2) that have been omitted from the respective manuscripts to conserve space. 
Furthermore, Section E.3 presents an exploratory study that preceded my research program and 
that I refer to in Chapter A (Bernhard and Recker 2012). 
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E.1 Appendix to Case Study Paper 
This section provides additional details on the research procedures followed to ensure rigour 
during the design and execution of my case study (Paper 2). 
E.1.1 Case Study Research Procedures 
Despite its apparent value, case research was considered to lack rigor and be one of the 
least systematic approaches until the late 1980s. Since then, several researchers attempted to 
improve its rigour (Benbasat et al. 1987; Dubé and Paré 2003; Lee 1989; Shanks 2002). The 
following Table 4 provides an overview of criteria suggested by Dubé and Paré (2003) to assess 
the rigour of a qualitative case study. I then discuss if and how my own case study meets these 
criteria. The list is limited to criteria which are relevant to my study. 
 
Criteria Explanation Source 
Measures undertaken in the study to 
meet the criteria 
Area 1: Research Design 
Clear Research 
Questions 
Specify clear research questions and type 
of research questions posed. 
Benbasat et al. 
(1987); Yin 
(2009); 
Eisenhardt 
(1989) 
The case study sets out to answer two 
main research questions: 
1) How are intended affordances 
designed by process modellers? 
2) How are intended affordances 
actualised by process model users? 
Theory of 
interest 
The theory of interest is stated explicitly. 
Yin (2009); 
Lee (1989) 
The case study takes an affordances 
perspective. This is explicitly stated in 
the paper, as early as in the title and 
abstract, but also throughout the paper 
itself. 
Predictions 
from the theory 
Predictions following from the theory are 
explicitly stated. 
Yin (2009); 
Lee (1989) 
In the case study, I only had a general 
preconception of process modelling 
affordances upon initiation, which I 
used to structure the data collection 
instruments and the investigative 
strategy. I did not make nor set out to 
test explicit predictions from theory. 
Rival theories 
Consideration of rival propositions and 
the analysis of the evidence in terms of 
such rivals. 
Yin (2009); 
Lee (1989) 
I do not consider rival theories in our 
study, as it was the explicit goal to 
examine the case at hand through an 
affordance lens. 
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Multiple-case 
design 
The decision to include one or more 
cases in the project. 
Yin (2009); 
Eisenhardt 
(1989); Lee 
(1989) 
The study consists of multiple instances 
of process model design and use at one 
case organisation. The specific focus of 
investigation is on a single project – the 
development of a system for the 
financial sector. 
Nature of 
single-case 
design 
In a single case design approach, a case 
should be selected on the basis that it is 
critical (a case which has the conditions 
that allow the test of a theory), extreme 
or unique (a case so rare that any single 
case is worth analyzing), or revelatory (a 
case that was previously inaccessible to 
scientific investigation. 
Yin (2009) 
The case study examines a critical case. 
The case has the required conditions to 
gather evidence for answering the 
stated research questions. 
It is furthermore a revelatory case, as it 
represents the first combination of 
process model design and use phases in 
a longitudinal case study. 
Unit of 
analysis 
Clearly specified unit of analysis (what is 
the case?) 
Benbasat et al. 
(1987); Yin 
(2009) 
The case is a system development 
project in the financial service industry. 
Within the project, we study the design 
and use of process models. This is 
explicitly stated in Section 3.2 (Case 
Description). 
Context of the 
case study 
A detailed description of the research 
context is necessary to assess the 
credibility of the research results and to 
determine their generalizability. 
Benbasat et al. 
(1987); Yin 
(2009); 
We describe the context by providing 
information about the case organisation 
and the specific project under 
investigation in Section 3.2 (Case 
Description). 
Team-based 
research 
The work of a team of researchers can 
capture greater richness and foster 
greater confidence in the findings. 
Benbasat et al. 
(1987); 
Eisenhardt 
(1989) 
The primary author was concerned with 
data collection and analysis. The 
remaining investigators contributed to 
case study planning and design and data 
collection instrument development. 
Different roles 
for multiple 
investigators 
Assign researchers different roles (e.g., 
interviewer, observer) to encourage the 
development of different views that can 
then be contrasted. 
Benbasat et al. 
(1987); 
Eisenhardt 
(1989) 
Area 2: Data Collection 
Elucidation of 
the data 
collection 
process 
Explicate how data was collected. 
Benbasat et al. 
(1987) 
The data collection is discussed in 
detail in Section 3.3 (Procedures) and 
Section 3.4 (Data Collection). 
Multiple data 
collection 
methods 
Use of different sources of evidence to 
provide a richer picture of the events and 
/ or issues than would any single method. 
Benbasat et al. 
(1987); Yin 
(2009); 
Eisenhardt 
(1989); Lee 
(1989) 
We make use of multiple data 
collection methods in our study (i.e., 
semi-structured interviews, document 
analysis and observations). These 
methods are discussed in detail in 
Section 3.4 (Data Collection). 
Mix of 
qualitative and 
quantitative 
data 
The specific use of a combination of 
quantitative (e.g., questionnaires) and 
qualitative (e.g., interviews) data sources. 
Benbasat et al. 
(1987); 
Eisenhardt 
(1989) 
The case study relies on qualitative data 
from interviews, document analysis and 
observations. No quantitative data is 
collected from the case study 
specifically; however, we conducted an 
experiment related to the case study for 
this purpose. 
Data 
triangulation 
The process of combining multiple data 
sources. 
Benbasat et al. 
(1987); Yin 
(2009); 
Eisenhardt 
(1989); Lee 
(1989) 
We triangulate data in several ways. 
Data from observations is challenged 
by conducting interviews immediately 
following the period of observation; 
reports by interviewees about 
behaviours are challenged by 
observations of actual behaviours; and 
interview data is challenged using 
document analysis. 
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Case study 
protocol 
Documentation of the procedures 
followed. 
Benbasat et al. 
(1987); Yin 
(2009) 
A case study protocol has been 
developed and used (see the appendix 
of the case study paper; Data Collection 
and Analysis Materials). 
Case study 
database 
Use of a database to store case study 
documents. 
Benbasat et al. 
(1987); Yin 
(2009) 
A cloud-based case study database has 
been set up to store raw data, coded 
data, coding scheme, memos, process 
models, paper drafts, and other related 
documents. 
Area 3: Data Analysis 
Elucidation of 
the data 
analysis 
process 
A clear and detailed description of the 
analytic procedures and / or rules 
followed. 
Benbasat et al. 
(1987); Yin 
(2009); 
Eisenhardt 
(1989) 
The data analysis is outlined in detail in 
Section 3.5 (Data Analysis), including a 
description and illustration of the 
coding process. 
Field notes 
Much information in case research is 
often revealed in casual conversation and 
needs to be recorded in the form of field 
notes. 
Yin (2009); 
Eisenhardt 
(1989) 
Field notes were captured through 
audio recordings and the use of an 
observational protocol. Additional 
notes were captured in ad-hoc memos. 
Coding and 
reliability 
check 
Provide clear and detailed examples of 
coding and reveal the results associated 
with inter-rater reliability tests. 
Yin (2009) 
The coding process is discussed in 
detail in Section 3.5 (Data Analysis), 
including an example of how the 
coding was donducted. 
Data displays 
Data displays transmit synthesized 
information to the reader, which can help 
demonstrate the chain of evidence and 
ultimately the findings. 
Yin (2009) 
In the Findings Section (4), we use 
process model extracts as illustrations 
for the identified affordances. 
Flexible / 
opportunistic 
process 
Overlapping data collection with data 
analysis. 
Benbasat et al. 
(1987); Yin 
(2009); 
Eisenhardt 
(1989) 
Data analysis began as soon as the first 
data was collected. Further data 
collection was then influenced by 
previous findings. New findings were 
constantly compared to the existing 
findings. Throughout the study, data 
analysis and collection overlapped. 
Logical chain 
of evidence 
Provide a logical chain for the reader to 
follow the derivation of evidence from 
research questions to conclusions. 
Benbasat et al. 
(1987); Yin 
(2009) 
We provide a logical chain for the 
reader from data collection to coding to 
results. 
Searching for 
cross-case 
patterns 
The key to good cross-case comparison 
is looking at the data in many divergent 
ways. 
Eisenhardt 
(1989); Lee 
(1989) 
Data gathered using different methods 
(e.g., interviews, observations and 
document analysis) was used to 
compare different process model design 
and use instances by members of the 
case organisation. Through different 
coding techniques, we searched for 
patterns in the data. 
Use of quotes 
Provide compelling evidence through the 
use of quotes. 
Benbasat et al. 
(1987); Yin 
(2009) 
A number of interview quotes have 
been included in the study to illustrate 
our findings. 
Project reviews 
The research subject reviews the 
credibility of interpretations and findings. 
Yin (2009) 
The findings have been reviewed by 
members of the case organisation for 
protection of intellectual property, 
study participant privacy, and 
credibility purposes. 
Table 4: Case study rigor (Dubé and Paré 2003). 
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E.2 Appendix to Experiment Paper 
This section provides additional details on the analyses conducted as part of the 
experiment (Paper 3; Section B.3). 
E.2.1 Creative Problem-solving Tasks – Descriptive Statistics 
The experiment participants exhibited roughly similar answer behaviour for the two 
creative problem-solving tasks. Both tasks received a similar level of attention by the 
participants, as visible in their answer length (Table 5; Figure 8). 
 
  
Answer 1 
length (words) 
Answer 1 length 
(characters) 
Answer 2 
length (words) 
Answer 2 length 
(characters) 
Across all 
tasks (words) 
Across all tasks 
(characters) 
Sum 6532 38914 7386 44620 13918 83534 
M 64.67 385.29 73.13 441.78 137.80 827.07 
SD 55.42 338.02 65.28 390.95 106.39 641.99 
Table 5: Overall descriptive statistics of answers across tasks (N = 101). 
 
Figure 8: Descriptive statistics of task answers for individual tasks (N = 101). 
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E.2.2 Creative Problem-solving Tasks – Interrater Agreement 
We calculated the different agreement measures of the two coders for each task 
individually. For all tasks, raw agreement, Cohen’s kappa, Weighted Cohen’s kappa and 
intraclass correlation coefficient (ICC) indicate strong agreement between the coders(Cicchetti 
and Sparrow 1981; Fleiss 1981). For instance, a kappa value greater than 0.81 is considered 
“almost perfect” (Landis and Koch 1977, p. 165). 
 
Task  Raw agreement Cohen’s kappa1 Weighted Cohen’s kappa2 ICC 
1 
TA relatedness 1 1 1 n/a 
Effectiveness 0.977 0.970 0.983 0.992 
Realism 0.989 0.984 0.990 0.995 
Specificity 0.966 0.952 0.967 0.982 
M 0.983 0.976 0.985 0.990 
SD 0.015 0.021 0.014 0.007 
2 
TA relatedness 1 1 1 n/a 
Effectiveness 0.885 0.839 0.895 0.946 
Realism 0.940 0.906 0.923 0.943 
Specificity 0.879 0.826 0.869 0.915 
M 0.926 0.893 0.922 0.934 
SD 0.056 0.080 0.057 0.017 
Table 6: Interrater agreement for task coding (1 unweighted; 2 linear weights). 
E.2.3 Additional Results – Factor Analysis 
Affordance Perception (AP) 
A principal component analysis (PCA) was conducted on 5 items of the task allocation 
affordance perception scale. The Kaiser-Meyer-Olkin (Kaiser 1970) measure verified the 
adequacy of sampling (KMO = 0.777; which is above the ‘acceptable’ threshold of 0.5 (Kaiser 
1974) and can further be classified as ‘good’ (Hutcheson and Sofroniou 1999). All KMO values 
for individual items are above the minimum threshold of 0.5 (> 0.745). Bartlett's Test of 
Sphericity Chi2 (6) = 128.44, p < 0.001, shows that item correlations are large enough for PCA. 
Hence, factor analysis is appropriate. The determinant of the correlation matrix is 0.273, which 
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is greater than the necessary value of 0.00001. Therefore, multicollinearity is not a problem. 
One component had an eigenvalue over Kaiser’s criterion of 1 and explained 63.67% of the 
variance. The items that load on the same component suggest that the component represents the 
correct perception of an existing affordance (i.e., task allocation; four items). 
 
  
Component 
1 
The process model allows me to assign tasks to process participants. 0.80 
The process model allows me to change the allocation of activities to actors in the ‘Claims 
Handling’ process. 
0.76 
The process model allows me to decide where to most effectively use a new employee in the 
‘Claims Handling’ process. 
0.80 
The process model allows me to perform task allocation. 0.83 
Extraction Method: Principal Component Analysis. 1 component extracted. 
Table 7: AP – component matrix. 
 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 2.55 63.67 63.67 2.55 63.67 63.67 
2 0.60 14.97 78.64    
3 0.49 12.20 90.84    
4 0.37 9.16 100.00    
Extraction Method: Principal Component Analysis. 
Table 8: AP – total variance explained. 
 
Affordance Actualisation (AA) 
  
Component 
1 
ZscoreAA1 - AVG TA fluency 0.93 
ZscoreAA2 - AVG TA answer quality 0.95 
ZscoreAA3 - AVG ratio TA / CPS fluency 0.93 
Extraction Method: Principal Component Analysis. 1 component extracted. 
Table 9: AA – component matrix. 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 2.65 88.26 88.26 2.65 88.26 88.26 
2 0.22 7.25 95.51    
3 0.13 4.49 100.00    
Extraction Method: Principal Component Analysis. 
Table 10: AA – total variance explained. 
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E.2.4 Additional Results – Demographics 
Treatment Mean N Std. Deviation Minimum Maximum 
no lanes 28.13 24 5.85 20 43 
incorrect info 26.50 22 8.01 19 52 
irrelevant info 27.48 23 7.07 19 49 
correct info 27.39 33 5.93 19 47 
Total 27 102 6.59 19 52 
Table 11: Demographics – age. 
  Frequency Percent Valid Percent Cumulative Percent 
Valid Female 35 34 34.31 34.31 
Male 67 66 65.69 100.00 
Total 102 100.00 100.00  
Table 12: Demographics – gender. 
E.2.5 Additional Results – Testing Assumptions 
For the statistical tests (ANCOVA, regression) used as part of the experimental study 
to yield valid results, the data set needs to satisfy a number of assumptions (e.g., Berry 1993; 
Field 2009). The following table provides an overview of the test assumptions that need to be 
satisfied, and a comment of how the data meets the requirements. In case of a violated 
assumption, I outline the approach taken to manage the violation. Overall, I found no major 
problems in the data set. The data set was also checked by a professional statistician to confirm 
the assumption tests that were made. 
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# Assumption Description Outcome of 
our data 
Remedy 
for 
violation 
of 
assumption 
 ANCOVA    
1 Continuous (i.e., 
interval or ratio 
scaled) DV 
Interval scale: the dependent variable 
can be measured along a continuum 
and has a numeric value. 
Ratio scale: the dependent variable is 
an interval variable. In addition, a 
zero (0) value means that there is 
none of that variable. 
Satisfied. AP 
is a 
continuous 
variable. 
n/a 
2 Two or more 
categorical, 
independent 
groups in the IV 
Categorical variables can take on a 
limited number of values. There is no 
intrinsic ordering to the categories. 
Satisfied. Our 
data consist of 
four 
categorical, 
independent 
groups in the 
IV. 
n/a 
3 Independent 
observations 
There is no relationship between the 
observations in each group or 
between the groups themselves. 
There must be different participants 
in each group, with no participant 
being in more than one group. 
Satisfied. 
Experiment 
groups are 
made up of 
different 
participants. 
Every 
participant is 
part of exactly 
one group. 
n/a 
4 No significant 
outliers 
The data set does not contain single 
data points that do not follow the 
usual pattern. 
Satisfied. 
After visual 
inspection, we 
are confident 
our data set 
does not 
contain 
significant 
outliers. 
n/a 
5 Normally 
distributed data 
The DV is approx. normally 
distributed for each category of the 
IV. 
Satisfied. 
After visual 
inspection, we 
are confident 
our data set is 
normally 
distributed. 
n/a 
6 Homogeneity of 
variances 
The group variances are not 
significantly different. 
Satisfied. 
After visual 
n/a 
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inspection, we 
are confident 
that the group 
variances in 
our data set 
are not 
significantly 
different. 
Levene’s test 
shows that the 
group 
variances are 
not 
significantly 
different for 
AP (p = 
0.069). 
 Regression    
1 Linearity and 
additivity 
The deterministic component of the 
regression model is a linear function 
of the separate predictors. If the 
relationship between IV and DV is 
not linear, the results will under-
estimate the true relationship. 
Satisfied. 
After visual 
examination 
of the residual 
plots, we are 
confident that 
the 
relationship 
between IV 
and DV is 
linear. 
n/a 
2 Independence of 
errors 
The errors of the response variables 
are uncorrelated with each other. 
Satisfied. The 
value of the 
Durbin-
Watson test 
statistic (1.59) 
shows that the 
residuals are 
not correlated 
(an acceptable 
value is close 
to 2 and in the 
range of 1.50 - 
2.5) (Durbin 
and Watson 
1951) 
n/a 
3 Homoscedasticity The variance of errors is the same 
across all levels of the IV. When the 
variance of errors differs at different 
Satisfied. 
After visual 
examination 
of the 
n/a 
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values of the IV, heteroscedasticity is 
indicated. 
standardized 
residuals 
(errors) plot, 
we are 
confident that 
the variance 
of errors is the 
same across 
all levels of 
the IV. 
4 Normality of the 
error distribution 
The residuals are normally 
distributed. 
Satisfied. 
After visual 
examination 
of the 
standardized 
residuals 
(errors) plot, 
we are 
confident that 
the residuals 
are normally 
distributed. 
n/a 
Table 13: Testing Assumptions. 
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E.2.6 Additional Results – Hypotheses for Affordance Perception 
Treatment Simple Contrast 
Dependent Variable 
AP 
Level 2 vs. Level 1 Contrast Estimate 0.74 
Hypothesized Value 0.00 
Difference (Estimate - Hypothesized) 0.74 
Std. Error 0.28 
Sig. 0.01 
95% Confidence Interval for Difference 
Lower Bound 0.19 
Upper Bound 1.29 
Level 3 vs. Level 1 Contrast Estimate 0.85 
Hypothesized Value 0.00 
Difference (Estimate - Hypothesized) 0.85 
Std. Error 0.27 
Sig. 0.00 
95% Confidence Interval for Difference 
Lower Bound 0.30 
Upper Bound 1.39 
Level 4 vs. Level 1 Contrast Estimate 0.95 
Hypothesized Value 0.00 
Difference (Estimate - Hypothesized) 0.95 
Std. Error 0.25 
Sig. 0.00 
95% Confidence Interval for Difference 
Lower Bound 0.46 
Upper Bound 1.45 
Table 14: AP – contrast results (K matrix). 
(I) Treatment 
Mean 
Difference (I-J) 
Std. 
Error 
Sig. (Sidak 
adjusted) 
95% Confidence Interval 
for Difference 
Lower 
Bound 
Upper 
Bound 
no lanes incorrect info -0.74 0.28 0.05 -1.48 0.01 
irrelevant info -0.85* 0.27 0.02 -1.59 -0.11 
correct info -0.95* 0.25 0.00 -1.62 -0.28 
incorrect info no lanes 0.74 0.28 0.05 -0.01 1.48 
irrelevant info -0.11 0.28 1.00 -0.86 0.64 
correct info -0.22 0.26 0.95 -0.91 0.47 
irrelevant info no lanes 0.85* 0.27 0.02 0.11 1.59 
incorrect info 0.11 0.28 1.00 -0.64 0.86 
correct info -0.11 0.26 1.00 -0.79 0.58 
correct info no lanes 0.95* 0.25 0.00 0.28 1.62 
incorrect info 0.22 0.26 0.95 -0.47 0.91 
irrelevant info 0.11 0.26 1.00 -0.58 0.79 
Table 15: AP – pairwise comparisons. 
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E.2.7 Additional Results – Hypotheses for Affordance Actualisation 
Treatment Simple Contrast 
Dependent Variable 
AA 
Level 2 vs. Level 1 Contrast Estimate 1.00 
Hypothesized Value 0.00 
Difference (Estimate - Hypothesized) 1.00 
Std. Error 0.28 
Sig. 0.00 
95% Confidence Interval for Difference 
Lower Bound 0.44 
Upper Bound 1.55 
Level 3 vs. Level 1 Contrast Estimate 0.70 
Hypothesized Value 0.00 
Difference (Estimate - Hypothesized) 0.70 
Std. Error 0.27 
Sig. 0.01 
95% Confidence Interval for Difference 
Lower Bound 0.16 
Upper Bound 1.25 
Level 4 vs. Level 1 Contrast Estimate 0.97 
Hypothesized Value 0.00 
Difference (Estimate - Hypothesized) 0.97 
Std. Error 0.25 
Sig. 0.00 
95% Confidence Interval for Difference 
Lower Bound 0.47 
Upper Bound 1.46 
Table 16: AA – contrast results (K matrix). 
(I) Treatment 
Mean 
Difference (I-J) 
Std. 
Error 
Sig. (Sidak 
adjusted) 
95% Confidence Interval for 
Difference 
Lower Bound Upper Bound 
no lanes incorrect info -1.00* 0.28 0.00 -1.75 -0.25 
irrelevant info -0.70 0.27 0.07 -1.44 0.03 
correct info -0.97* 0.25 0.00 -1.64 -0.30 
incorrect info no lanes 1.00* 0.28 0.00 0.25 1.75 
irrelevant info 0.29 0.28 0.88 -0.46 1.05 
correct info 0.03 0.26 1.00 -0.67 0.72 
irrelevant info no lanes 0.70 0.27 0.07 -0.03 1.44 
incorrect info -0.29 0.28 0.88 -1.05 0.46 
correct info -0.27 0.25 0.88 -0.95 0.42 
correct info no lanes 0.97* 0.25 0.00 0.30 1.64 
incorrect info -0.03 0.26 1.00 -0.72 0.67 
irrelevant info 0.27 0.25 0.88 -0.42 0.95 
Table 17: AA – pairwise comparisons. 
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Preliminary Insights from a Multiple Case Study 
on Process Modelling Impact 
Abstract 
Process modelling – the design and use of graphical documentations of an organisation’s business processes – is a 
key method to document and use information about business processes in organisational projects. Still, despite current 
interest in process modelling, this area of study faces essential challenges. One of the key unanswered questions 
concerns the impact of process modelling in organisational practice. Process modelling initiatives call for tangible 
results in the form of returns on the substantial investments that organisations undertake to achieve improved 
processes. This study explores the impact of process model use on end-users and its contribution to organisational 
success. We posit that the use of conceptual models creates impact in organisational process teams. We also report 
on a set of case studies in which we explore tentative evidence for the development of impact of process model use. 
The results of this work provide a better understanding of process modelling impact from information practices and 
also lead to insights into how organisations should conduct process modelling initiatives in order to achieve an 
optimum return on their investment. 
Keywords 
Business Process Modelling, Process Modelling Impact, Information Systems Analysis and Design, Case Study 
INTRODUCTION 
An important element in organizational or systems design projects is process modelling – the design and use of 
graphical documentations of an organisation’s business processes (Ould 1995). Process models specify tasks, 
information and data, resources, actors and their relationships (Curtis et al. 1992). It has become one of the most 
popular forms of conceptual modelling (Davies et al. 2006) and is one of the most popular approaches to specifying 
information systems requirements from a business perspective. 
Research in the field of process modelling increased over recent decades, in line with a rising prominence of process 
modelling as an important activity of business and systems analysts in industry (Recker et al. 2009). The growing 
significance of process modelling in practice requires returns on the substantial spending of organisations to discover, 
design, analyse and improve their processes. These investments can be in the form of software acquisition and 
implementation, licensing fees, training of employees – especially in large modelling projects (Bandara et al. 2005; 
Raduescu et al. 2006). Continuous modelling efforts are only possible if organisations succeed in reaping, quantifying 
and effectively communicating the corresponding value (Indulska et al. 2009b). This presents an important challenge, 
as the impact so far has been hard to identify let alone quantify – not surprisingly, since the intangible nature of 
impacts of most Information Systems activities is widely acknowledged (Gable et al. 2008).  
Our research sets out to examine the type and form of impacts that are generated through one key element of modelling 
initiatives – process model use in organisational practice. We study the outcome of impact generation through process 
model use. In doing so, we address the following research question: 
What are the impacts generated through the use of process models? 
The key assertion that guides our research is that process models and the business domain information contained 
within them – such as tasks, roles, and resources – lead to various impacts among stakeholders involved in the business 
process (Kalpic and Bernus 2002; Koubarakis and Plexousakis 2002). We further argue that the positive benefits 
manifest on individual, group and process levels as the impact of process model use. Thus, in our research we examine 
the use of process models across different intended purposes, across different stakeholder groups and across different 
organizational levels. Our work has implications for the management of process modelling projects in terms of 
expectation and value management, as well as for research that examines the type and consequences of process model 
use in practice (Recker 2010a). 
We proceed as follows. The next section discusses the existing research work related to this paper. Subsequently, the 
employed empirical research design is laid out. The research findings are presented in Section 4. Section 5 discusses 
the results, research limitations and important implications. The paper ends with concluding remarks. 
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THEORETICAL BACKGROUND 
Process Modelling 
Organisations that are actively attempting to manage or improve the way they execute their business processes are 
typically relying on business process models – graphical documentations of their business operations (van der Aalst 
et al. 2003). These models specify in a standardised, semi-formal language the activities, responsibilities, control flow 
and business rules in a business process (Curtis et al. 1992; Scheer 2000). They can act as an instrument for sharing 
knowledge (Luebbe and Weske 2011), providing common language for different roles within the organisation, e.g., 
business and IT (Becker et al. 2004; Kueng and Kawalek 1997), and a common frame of reference (Dalberg et al. 
2005; Munkvold et al. 2005). All these benefits relate to how process models can generate increased levels of 
understanding for those that use them. 
Research in this area has demonstrated that the use of process models as visual representations of process information 
is more time-efficient for individual users than plain textual descriptions, since they are easier to understand and 
interpret (Ottensooser et al. 2012) and offer a more understandable, transparent and distinct description of an 
organisation’s processes (Kalpic and Bernus 2002). Other research has demonstrated how individual understanding 
of business processes can be further aided through specific design choices made in process modelling; for instance, 
related to the use of colours (Reijers et al. 2011a), modularization (Reijers et al. 2011b) or the choice of different 
grammars (Recker and Dreiling 2011). 
There is also work that examines shortcomings of process modelling as well as alternatives. For instance, Indulska et 
al. (2009b) report that the most pressing challenges in process modelling relate to methodological (e.g., artefact 
evaluation) and governance (e.g., standardisation) aspects. Other work has demonstrated that for certain types of users, 
e.g., untrained analysts, textual use cases appear more suitable than graphical process models (Ottensooser et al. 2012). 
Finally, recent work has examined cognitive difficulties in working with process models that are traced back to poor 
visual design of these models (Figl et al. 2013a). While this knowledge to date has extended our understanding how 
individuals benefit from the use of process models and where limits to these benefits may be, the current research 
efforts fail to address two key issues: How does the use of process models in organisational practice lead to tangible 
benefits, and on what levels do these positive impacts of process model use manifest? 
Process Modelling Impact 
Several authors have examined the impact of process modelling. Through interviews with consultants, Kesari et al. 
(2003) identified documentation (e.g., common language), design (e.g., processes understanding), and use benefits 
(e.g., visual processes representation) as advantages from process modelling. Aguilar-Savén (2004) argued that 
process modelling facilitates a common understanding and analysis of a process. Danesh (2005) as well as Kock et al. 
(2009) found evidence for the impact of process model communication and information flow orientation on process 
redesign success, if the models are of high quality. Davies et al. (2006) identified a more effective stakeholder 
communication and the understanding of models’ integration into processes as important benefits and reasons to 
continue using conceptual modelling from a practitioner’s point of view. Sadiq et al. (2007) found that BPM initiatives 
have positive effects of on process understanding. Through case study analysis, Krogstie et al. (2008) identified several 
valuable outputs of modelling and model use (e.g., increased communication, a common frame of reference, and 
learning about the process). Indulska et al. (2009a) conducted a Delphi study across academics, practitioners and 
vendors, which lead to five categories (strategic, organisational, managerial, operational and IT-infrastructure) of 
perceived benefits derived from modelling, with process improvement, process understanding and communication as 
the overall top three. 
Based on the above literature review, we can make a number of key observations. 
 Understanding, communication and common language describe a recurring theme of benefits from process 
modelling initiatives in the literature, suggesting that impacts from process model use stem largely from 
supporting the interaction between stakeholders involved with process models. 
 The research efforts to date mostly suggest these and other advantages without having yet clearly 
demonstrated let alone measured these or other benefits – they report on expected, perceived and/or potential 
rather than actual and realised benefits. 
 Current studies often neglect the process model end-user perspective but rather focus on the views and 
assessments of academics, vendors, consultants, or modellers (Indulska et al. 2009a). 
These observations suggest that process modelling can increase communicative ability and enhance coordination and 
decision-making amongst those people involved in a process. To be able to envisage how these impacts manifest and 
work, we decided to examine process model use through the case study method to develop rich as well as deep 
observations and findings about these and other impacts.  
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RESEARCH METHOD 
The primary objective in this stage of our research is the exploration of the existence, nature and complexity of impacts 
from process model use, thus suggesting holistic, multiple-case study to be an appropriate method (Eisenhardt 1989; 
Yin 2009). Several measures have been suggested to ensure rigorous case study research by increasing research 
reliability and reducing subjectivity from the person of the researcher (Maxwell 2005; Walsham 1995). The following 
list describes the key measures and the mechanisms we chose to instantiate these measures: 
 Preparing and applying a case protocol, including the research topic and a semi-structured interview protocol. 
In our case, the protocol consisted of sections for participant background information, model use details, 
experienced impacts, and initiative evaluation as elements of inquiry as well as data collection procedures. 
 Recording and transcribing the interviews. In our case, we recorded and transcribed twelve interview hours, 
leading to a total of 203 pages of interview transcriptions (see Table). 
 Using multiple data collection methods (i.e., interviews, document analysis) and sources of information. In 
our case, we relied on (1) interviews with employees from different positions (Finance, HR, Governance, 
Operations) from diverse hierarchical levels (Manager, Project Director, Business Analyst) who were 
involved in diverse processes (Debt Administration, Recruitment, Vehicle Leasing, Claims Handling, 
Underwriting, Outsourcing) and regularly worked with process models as informational objects, as well as 
(2) supporting documents such as process models and work instructions. 
 Setting up and maintaining a case study database on a shared drive to store all case related information. We 
maintained interview protocols, audio recordings, transcripts, supporting documents, email correspondence, 
etc. for convenient and comprehensive access of the research team to the case data. This allowed us to 
identify, compare and challenge data as well as emerging interpretations and conclusions as we proceeded 
with our analysis. 
We studied process model use scenarios across three case sites, two Australian state government agencies and one 
private sector organisation. One government agency provides finance, HR, and further support services to other state 
government departments and agencies. The second government agency is the provider of vehicle leasing and fleet 
management services for the state government. The private sector company offers financial services, e.g., banking, 
insurance, and wealth management. The three organisations were deemed appropriate case sites, as they are active in 
managing their business processes on the basis of process modelling efforts. Thus, process models were in active use 
for various purposes (see Figure 1). 
 
Figure 1: Relative/absolute Frequencies of Process Model Use Purposes across Cases (multiple answers possible). 
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Data was primarily collected using semi-structured interviews with process stakeholders that are working with models, 
such as key front-line staff, process team managers, or Business Analysts. In addition to the prepared interview 
protocol, follow-up questions on responses were posed to clarify answers and achieve a better understanding of certain 
issues. After each interview, the protocol was revised and, if deemed appropriate, refined. The interviews took ~55 
minutes on average; the average transcript length was 15 pages. The second source of data was documents relating to 
the process team, most importantly process models, but also work instructions as well as training and development 
materials. The data collection period span from March to June 2012. Table 1 provides information about the case 
contexts and also categorises the primary uses of the process models in the cases alongside the primary application 
purposes reported by Recker (2010b). Figure 1 presents details of the purposes for which models are used across the 
case contexts studied. 
Table 1: Case Overview. 
Case 
# 
Case context Primary use purposes of process models 
# of 
inter-
viewees 
Interview 
duration 
(minutes) 
Transcript 
length 
(pages) 
1 
Support and improve finance and 
process change projects, e.g. system 
selection 
Selection of IT system 1 59 15 
2 
Support, improve and standardise 
recruitment services 
Documentation; redesign; supporting 
continuous process management 
1 43 11 
3 
Support, improve and standardise 
bank reconciliation; debt 
administration; salary payment 
Documentation; redesign; supporting 
continuous process management 
1 42 12 
4 
Support and improve finance 
processes; system improvements 
Documentation; redesign; supporting 
continuous process management 
1 75 20 
5 
Support, improve and standardise 
insurance claims handling; system 
design 
Documentation; redesign; supporting 
continuous process management; software 
development requirements specification 
1 39 10 
6 
Support, improve and standardise 
construction and engineering 
underwriting; new staff training 
Documentation; redesign; supporting 
continuous process management; 
knowledge management 
1 40 11 
7 
Support and improve credit control, 
activity and recovery work 
Documentation; redesign; supporting 
continuous process management 
1 45 13 
8 
Support large-scale outsourcing 
project 
Documentation; redesign; requirements 
specification 
4 
15 
(avg.) 
5 
(avg.) 
9 
Support, improve and standardise 
insurance operations 
Documentation; redesign; supporting 
continuous process management 
1 30 10 
10 
Compliance and risk control of 
insurance processes; breach reporting 
process 
Documentation; supporting continuous 
process management 
1 68 18 
11 Project management 
Documentation; redesign; supporting 
continuous process management; 
knowledge management 
1 68 21 
12 
Continuous improvement framework 
(support program change teams and 
corporate strategy) 
Documentation; supporting continuous 
process management 
1 73 19 
13 
(incremental and large-scale) 
Improvement projects, e.g. business-
IT alignment 
Documentation; redesign; supporting 
continuous process management 
1 49 14 
14 
Support, improve and standardise 
insurance claims handling 
Documentation; redesign; supporting 
continuous process management 
1 30 9 
∑   
721 
(12h 1m) 
203 
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Both authors were involved in the qualitative analysis of the collected data. NVIVO was used as a data analysis tool. 
The authors allowed for concepts as well as categories to emerge from the data. The primary author performed the 
open coding, while the second author selectively sampled the data and the emergent codes to challenge the 
interpretation and mitigate subjective interpretation bias. In a first coding step, we identified dimensions of impact 
from process model use as reported by the interviewees. These dimensions were identified as higher-level categories 
emerging in the open coding phase through regular cross-comparison of the data and engagement with the literature 
on impact. Table 2 provides definitions and literature for each identified impact dimension. 
Table 2: Impact Dimensions, Definitions, and Key References. 
Impact 
Dimension 
Definition Key reference(s) 
Coordination  Interactions and combination of activities of the process participants. 
Gattiker and 
Goodhue (2005) 
Communication  The exchange of information amongst the process stakeholders. 
Bassellier and 
Benbasat (2004) 
Decision-Making 
The selection of a course of action among several alternative scenarios 
considering potential problems and decision implications. 
Wixom and Todd 
(2005) 
Learning & 
Understanding 
The acquisition of new knowledge about the process and the business 
domain depicted in process models through exploration and learning; in 
particular understanding the elements of a process and the actual and 
possible relationships among elements in a process. 
Mayer (2002) 
Process 
Improvements 
The ability to improve business processes (in terms of reduction of process 
costs, increase of process productivity, increase of process quality, 
improved customer service and/or reduced process execution time). 
Indulska et al. 
(2009a) 
Satisfaction 
A process model user’s degree of favourableness with respect to the 
process. 
Wixom and Todd 
(2005) 
Process 
Objectives 
The degree to which process performance and/or conformance goals are 
being or have been accomplished. 
Gattiker and 
Goodhue (2005) 
Table 3 summarises how the different impact dimensions manifested across the model use scenarios considered in our 
study. Due to space limitations we cannot provide a detailed model of our coding results (e.g., types of statements; 
impact sub-level codes). These findings can be obtained from the authors upon request. Still, Table 3 provides some 
qualification of the findings in terms of the strength of the evidence identified for each impact dimension as manifested 
in the data. The evidence is classified as strong, limited or non-existent. 
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Table 3: Overview of Data Analysis. 
Case 
# 
Supporting 
Coordination 
Enabling 
Communication 
Enhancing 
Decision-
Making 
Enabling 
Learning & 
Understanding 
Achieving 
Process 
Improvements 
Increasing 
Satisfaction 
Achieving 
Process 
Objectives 
∑ 
1 ()       
6  
1 () 
2   ()     
6  
1 () 
3   x   ()  
5  
1 () 
4        7  
5 x       6  
6 x  x   ()  
4  
1 () 
7  x x   ()  
4  
1 () 
8        7  
9  () ()   () () 
3  
4 () 
10 x  x     5  
11 x  ()  ()  () 
3  
3 () 
12   ()     
6  
1 () 
13   ()     
6  
1 () 
14 x     () () 
4  
2 () 
∑ 
8  
1 () 
12  
1 () 
5  
5 () 
14  
13  
1 () 
9  
5 () 
11  
3 () 
 
 
Coding Legend 
 
The case data provided strong evidence for a particular impact dimension, as measured by the associated 
codes appearing multiple times in the course of the interview(s) and/or supported by the document 
analysis. 
() 
The case data provided limited evidence for a particular impact dimension, as measured by the associated 
codes appearing once in the course of the interview(s) and/or supported by the document analysis. 
x The case data did not provide any evidence for a particular impact dimension. 
FINDINGS 
Through the empirical exploration of process model use cases, we can make a number of observations, which we 
discuss alongside the following impact themes. We provide selected statements reported by interviewees as indicatory 
evidence for the coding. 
Interviewees frequently noted the importance of process understanding generated through process model use, which 
translates to the development of knowledge about the process on an individual level (“need to map that to understand 
that first”; “we would never have known until we actually mapped it”; “when you think in pictures it always makes it 
easy to understand”). Especially the formal and hence structured display of information was mentioned as an 
important process model feature that aided this knowledge development process; for example: activities that have to 
be executed as part of the process, hand-over points to other process participants – especially across departments, 
details about customer interactions or the involvement of IT-systems (“get a bird’s eye view of the process”). These 
findings are in line with arguments and evidence in the literature (Davies et al. 2006; Indulska et al. 2009a; Kesari et 
al. 2003; Krogstie et al. 2008). It has to be noted, however, that each user’s prior knowledge about the process 
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influenced the extent to which interviewees reported knowledge gains to emanate from process model use – which is 
consistent with prior experiments (Mendling et al. 2012). 
End-users were notably more satisfied with their work on a process (“if we didn't have the process models, we would 
have been struggling”; “there’s absolute value in [process models]”), which in turn leads to an increased use of 
process models (“we would never drive the company any other way than this way now”; “we kept on referring to your 
process model”). This congruent with the arguments of Wixom and Todd (2005), who state that object-based attitudes 
(in this case, attitudes about a process) can predict individual’s behaviours. In case of processes that span across intra-
organisational boundaries, the existence of process models has also been observed to reduce silo thinking and 
frustration among different participants of the process. 
Communication (“the picture told the story for us”; “tool to explain”) and coordination amongst the process team 
(“the right people are looking at it at the right time”) was clearly facilitated by the use of process models, ultimately 
adding to decision-making capabilities related to the process (“decision-making is based on the findings from the 
process model”; “the model will always help me think about what will happen”). Even though this relationship is 
inconsistent across cases, 10 out of the 14 cases reported at least some degree of influence of process model use on 
decision-making capabilities. Model-based communication was also utilised to induce new staff into the process team 
(“once I had it visually it made sense to [the new team member]”), to educate staff with customer contact, and to 
explain the process to various internal stakeholders, such as senior management (“I [the manager] understand and 
that makes sense now and the pieces fall together”). Models furthermore allowed for quick and accurate derivation of 
detailed work procedures for day-to-day use by front-line staff. 
We also noted how interviewees frequently referred to impacts of process model use that relate to the identification 
of process improvement potential explicated through the models (“I like to do a process model to be able to identify 
where there’s a problem in the process, to identify whether an improvement makes sense”), enabled by visualising 
the as-is process (“if it looks like spaghetti it probably is spaghetti”) and by gaining an enhanced understanding of the 
process. Areas of improvement entail, but are not limited to, coordination (“unnecessary handoff that we eliminated”; 
“change the order that things might have been done previously”) and performance (“if we do it this way it will save 
us time”). These findings are in line with the results from the benefits Delphi study by Indulska et al. (2009a). 
In terms of process objectives, which entail performance (e.g., time and quality) as well as conformance (e.g., risk, 
compliance) aspects, the data suggests that model-supported processes are executed faster in general, or single tasks 
are performed more quickly (“it happens quicker”). Similar to our results, Kesari et al. (2003) reported that model-
supported work leads to higher time-efficiency. Furthermore, employees reported to make fewer mistakes in their 
work, such as missing process steps, as they can relate to the model in case of uncertainties. Furthermore, employees 
tend to make fewer mistakes in their work, such as missing process steps, as they can relate to the model in case of 
uncertainties. Process models can also support standardisation (“we mapped [...] the process so that we would be able 
to be a bit closer to [business unit xyz] who also use the same system as we were going to go onto”) and risk-
management efforts (“we can better identify areas where more stringent risk control may be implemented”). 
DISCUSSION 
The findings reported above substantiate previous findings, but also provide further evidence about the types of 
impacts that are generated in organisations through the use of process models in various use scenarios. Moreover, our 
analysis indicated a set of interactions to exist between the different types of impact that stem from process model 
use. Figure 2 visualises our attempt of integrating the findings and emergent relationships in a conceptual model of 
process modelling impact. The model describes visually how the use of process models leads to impacts on an 
individual, group and process level, and also depicts several relationships that represent how the impacts are being 
realised, conjointly and over time. The strength of a relationship is expressed though its arrow width. We explore the 
propositions inherent in the conceptualisation below. 
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Figure 2: Impact Realisation Model. 
The emergent model identified five key propositions. The first proposition is based on strong evidence from the case 
study and thus seems to be very common across use purposes, model features or user characteristics. It conceptualises 
the immediate impact that emanates from the use of process models and suggests the primary consequence of model 
use is to facilitate communication amongst stakeholders involved in the process and the results of these interactions. 
Proposition 1:  Process model use primarily enables communication among process stakeholders and 
increases the potential to develop knowledge about a process. 
Following from the enablement of communication and knowledge development, stakeholders working on a process 
achieve better shared informational input to decisions about the process, for instance, in the context of choosing 
between process redesign alternatives or selecting a most appropriate information system to support the modelled 
process. However, decision-making only received limited support in the data. This points to individual, model-related 
or organisational factors that may hinder the development of decision-making capabilities on the basis of process 
communication and understanding. 
Proposition 2a:  Through enabling increased knowledge and communication means, group decision-making is 
enhanced. 
Furthermore, increased knowledge development about a process helps stakeholders to identify improvement 
possibilities, as issues and constraints of the process are visualised. Also, alternative future states of the process can 
be displayed, discussed, evaluated and implemented. However, the degree to which the user is willing or able to 
perceive the improvement possibilities arguably depends on his goals, modelling expertise and experience. 
Proposition 2b:  Through enabling increased knowledge about a process, the development and implementation of 
process improvement ideas is supported. 
Process model use supports the coordination of activities of process participants, leading to efficient task allocation 
and optimisation of handovers, among other effects, and also enhances decision-making capabilities through the 
enablement of communication and knowledge development. In turn, this leads to better process performance (such as 
less time or lower costs) and conformance (such as increased standardisation or reduced risk) metrics – an influence 
that is likely to depend the task at hand and thus, the goals of the model user(s).  
Proposition 3:  Improved group coordination and group decision-making lead to an increased ability to meet 
process objectives in terms of performance and/or conformance objectives. 
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A process model user that realises an increase in process performance, e.g., through process improvements, has a 
higher level of satisfaction regarding the process and consequently is more likely to continue to make use of process 
models and increasingly rely on them in the future. 
Proposition 4:  Process model use increases the user’s satisfaction with the process, which in turn leads to an 
increased utilisation of process models. 
LIMITATIONS 
We caution against the limitations pertaining to our work at this stage, most notably the reliance on experience data 
reported by selected case study informants, the limited number of cases and the geographical restrictions of the cases 
in the Australasian sector. Furthermore, our data analysis did not differentiate between cases with different model use 
purposes and various respondent backgrounds due to a lack of an appropriate sample size. In turn, our findings remain 
tentative and inconclusive – yet are useful for ongoing theory development as well as further operationalisation of 
impact constructs and measurements as they relate to process model use. 
CONCLUSION 
This paper reported on our ongoing research efforts as they relate to defining and exploring the ways in which process 
modelling create impacts in organisational practices related to organisational redesign, system development or IT 
implementation projects. Our discussion of our research work to date was necessarily brief due to the page restrictions. 
Nonetheless, the number of cases and data points examined gives us confidence in our conclusions and the evidence 
indicates the appropriateness of our approach. We believe our work will have significant implications for our 
understanding of process modelling as a key practice in organisational and systems design projects. To the best of our 
knowledge, this study describes the first comprehensive and rigorous empirical study that attempts to identify and 
theorise about modelling impacts in the context of conceptual modelling practice that goes beyond single-case studies 
and anecdotal descriptions. Understanding how impact emanates from such practices will better our understanding of 
organisational and systems development projects in general. 
In our future research we aim at empirically validating our concepts using more quantitative methods, and also attempt 
to add to the insights into how process models affect not only individuals and groups of process model users, but also 
the entire organisation. Moreover, the influences of user characteristics (e.g., role in the modelling project / initiative, 
experience or goals), task features (e.g., modelling purpose, routineness, degree of change) or process model 
characteristics (e.g., understandability, information relevance, abstraction) on modelling impacts, which seem to be 
important factors of the case context, make for a highly interesting avenue of further research. 
A first step for us is to continue our theory development efforts following established guidelines (Weber 2012), before 
developing appropriate measurements for quantitative testing of the emerging theory. 
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F. Overview of Scholarly Activities during the PhD Candidature 
I have published five papers during my PhD candidature until submission of this thesis in 
March 2014. The following table summarises the publications. 
Publications 
Bernhard, E., Recker, J., Burton-Jones, A. (2014): Affordances in Information Systems: 
Theory Development and Open Challenges. 13th Theory Development Workshop of the 
Journal of the Association for Information Systems, University of Auckland, Auckland, 
New Zealand. 
Nolte, A., Bernhard, E., Recker, J. (2013): “You’ve modelled and now what?” – 
Exploring Determinants of Process Model Re-Use. Proceedings of the 24th Australasian 
Conference on Information Systems, Melbourne, Victoria, Australia. 
Bernhard, E., Recker, J., Burton-Jones, A. (2013): Understanding the Actualization of 
Affordances: A Study in the Process Modeling Context. Proceedings of the 34th 
International Conference on Information Systems, Milan, Italy. 
Bernhard, E., Recker, J. (2012): Preliminary Insights from a Multiple Case Study on 
Process Modelling Impact. Proceedings of the 23rd Australasian Conference on 
Information Systems, Geelong, Victoria, Australia. 
Bernhard, E., Recker, J. (2012): Class Notes: BPM Research and Education – Modelling 
Processes and the Question of Impact. BPTrends, 9 (11) (not refereed). 
Table 18: Publications in the context of the PhD research. 
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There are furthermore six working papers under development as part of my candidature. 
The following table summarises the planned publications and their current state. 
Work in progress 
Bernhard, E., Recker, J., Burton-Jones, A.: What Do Models Really Offer to Users? An 
Experimental Study of the Perception and Actualization of Affordances from Process 
Models. Status: preparing 2nd round of experiments. 
Bernhard, E., Recker, J., Burton-Jones, A.: Affordances in Information Systems: Theory 
Development and Recommendations for Future Research. Status: revising manuscript for 
resubmission. 
Bernhard, E., Niehaves, B.: The Ambidextrous Organization: Implications for BPM 
Strategy. Status: finalising manuscript for submission. 
Bernhard, E., Recker, J., Burton-Jones, A.: A Longitudinal Case Study on the Design and 
Use of Process Models from an Affordances Perspective. Status: finalising manuscript for 
submission. 
Nolte, A., Bernhard, E., Recker, J., Pittke, F., Mendling, J.: Re-using Process Models: 
Understanding the Determinants of Process Model Re-use Intentions. Status: under review. 
Torres, R., Bernhard, E., Richter, J., Califf, C., Cheik-Ammar, M.: Mentoring PhD 
Students in Information Systems. Status: literature review phase. 
Table 19: Research papers under development. 
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I furthermore attended several academic and practicioner conferences. The following 
table summarises these activities. 
Date Conferences, Symposia and Doctoral Consortia 
02/2015 
Paper Development Workshop at UQ Business School, The University of 
Queensland, St. Lucia, Australia. 
12/2014 
35th International Conference on Information Systems, Auckland, New 
Zealand. 
12/2014 
Theory Development Workshop of the Journal of the Association for 
Information Systems, University of Auckland, Auckland, New Zealand. 
12/2014 
35th International Conference on Information Systems, Auckland, New 
Zealand. 
11/2014 
Queensland University of Technology’s Information Systems School 2014 
Annual Doctoral Consortium, Brisbane, Australia. 
10/2014 
National Learning and Teaching Symposium, Queensland University of 
Technology, Brisbane, Australia. 
12/2013 34th International Conference on Information Systems, Milan, Italy. 
12/2013 24th Australasian Conference on Information Systems, Melbourne, Australia. 
12/2013 
Doctoral Consortium of the 24th Australasian Conference on Information 
Systems, Melbourne, Australia. 
12/2012 
23rd Australasian Conference for Information Systems, Deakin University, 
Geelong, Australia. 
11/2012 
Queensland University of Technology’s Information Systems School 2012 
Annual Doctoral Consortium, Brisbane, Australia. 
Table 20: Attended academic conferences in the context of the PhD research. 
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The following table gives a selected overview of presentations given during my PhD 
candidature. 
Date Selected Presentations 
09/2015 
How Process-Orientation can benefit IT Project Delivery. Practitioner Seminar at 
Bank of Queensland, Newstead, Australia 
04/2015 
A Theory of Process Modelling Affordances. Final Seminar (PhD Defence) at 
Queensland University of Technology, Brisbane, Australia. 
02/2015 
What Do Models Really Offer to Users? An Experimental Study of the Perception 
and Actualization of Affordances from Process Models. Paper Development 
Workshop at UQ Business School, The University of Queensland, St. Lucia, 
Australia. 
12/2014 
Affordances in Information Systems: Theory Development and Open Challenges. 
Theory Development Workshop of the Journal of the Association for 
Information Systems, University of Auckland, Auckland, New Zealand. 
12/2014 
A Theory of Process Modelling Affordances. 35th International Conference on 
Information Systems, Auckland, New Zealand. 
11/2014 
A Theory of Process Modelling Affordances. Queensland University of 
Technology’s Information Systems School 2014 Annual Doctoral 
Consortium, Brisbane, Australia. 
10/2014 
Learning to Teach: The Doctoral Student’s Perspective. National Learning and 
Teaching Symposium, Queensland University of Technology, Brisbane, 
Australia. 
12/2013 
Understanding the Actualization of Affordances: A Study in the Process Modeling 
Context. 34th International Conference on Information Systems, Milan, Italy. 
12/2013 
“You’ve modelled and now what?” Exploring Determinants of Process Model Re-
Use. 24th Australasian Conference on Information Systems, Melbourne, 
Australia. 
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12/2013 
A Theory of Process Modelling Impact. Doctoral Consortium of the 24th 
Australasian Conference on Information Systems, Melbourne, Australia. 
02/2013 
A Theory of Process Modelling Impact. Doctoral Seminar at the University of 
Liechtenstein, Principality of Liechtenstein. 
12/2012 
A Multiple Case Study on Process Modelling Impact. 23rd Australasian 
Conference for Information Systems at Deakin University, Geelong, 
Australia. 
11/2012 
A Theory of Process Modelling Impact. Queensland University of Technology’s 
Information Systems School 2012 Annual Doctoral Consortium, Brisbane, 
Australia. 
Table 21: Selected presentations in the context of the PhD research. 
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